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INTRODUCTION 
With the expanding human population and the increasing demands of 
the world food market, food production must be doubled by the end of 
this ceiiLury (Bentley, 1972). Pesticides have been usôd extensively for 
the last 25 years to increase crop yields (Gough, 1977) and it is believed 
that they will continue to play an inçortant role in increasing food 
production in the future regardless of the development of alternate methods 
for pest and weed controls (Lee, 1976). In Iowa, the use of pesticides 
has increased significantly in the past several years although the use 
patterns of soil insecticides have been changed (Jennings and Stockdale, 
1978). Use of persistent organochlorine insecticides such as DDT, dieldrin, 
aldrin, heptachlor, etc, has declined since the I960's because of the de­
velopment of resistance of soil insscti> to these chemicals (Harris, 1977; 
Harris and Svec, 1976) and the known or potential effects of these com­
pounds on the environment (Edwards, 1973 ; Mark, 1969). Consequently, 
organochlorine insecticides have been replaced by such organophosphorous 
insecticides as dyfonate^ counter^ and others, which are less persistent 
and thus unlikely to cause pollution problems in the environment. Atra-
zine, bladex^ alachlor and treflai^ are the most widely used herbicides 
on Iowa cropland for weed control and more than 90% of cropland in the 
State was treated with herbicides in 1977 (Jennings and Stockdale, 1978) 
and 1978 (personal conmunication, Dr. Vivan Jennings, extension botanist 
and pathologist. Cooperative Extension Service, Iowa State University, 
APXZO, Iowa). Total amounts of bladex, atrazine, and alachlor applied 
^Trade name. 
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in 1977 were estimated as 2.7, 3,7, and 7.0 million Kg, respectively 
(Jennings and Stockdale, 1978). In 1978, the estimated amount of bladex 
applied was increased, whereas amounts of atrazine and alachlor were 
slightly decreased (Personal communication. Dr. Vivan Jennings). 
Organochlorine insecticides such as DDT and dieldrin persist in 
the soil environment for many years (Edwards, 1964; Lichtenstein et al., 
1971; Wheatley, 1965; Wheatley et al., 1960) whereas most herbicides 
disappear relatively rapidly after application (Frank, 1972; Harris, 
1967; Harris and Warren, 1964). For example, considerable amounts of 
DDT and dieldrin were found in treated soils 15 years after application 
(Nash and Woolson, 1967). There are many factors influencing the per­
sistence and activity of pesticides in the treated soils, including 
nature of the compounds, characteristics of the soil, land usage and 
management practices, topography, and climatic conditions (Bailey and 
White, 1964 and.1970; Bamett et al., 1967; Harris and Lichtenstein, 1961; 
Merkle and Bovey, 1974; Ruckelshaus, 1972). Dominant factors are 
solubility of the pesticides (Ashton, 1961), organic content of the 
soil (Adams and Li, 1971; Harris, 1967 and 1969; Harris and Sans, 1967; 
Miles et al., 1978; Sheets et al., 1962; Yaron et al., 1967), cultivation 
of the soil (Baker et al., 1976; Lichtenstein et al., 1971), rainfall 
intensity, duration, and the timing of first heavy runoff relative to 
application (Baker and Johnson, 1977; Hass et al., 1971; White et al., 
1967). In addition, degradation of pesticides to form other compounds, 
such as DDT to DDE and DDD, aldrin to dieldrin, and heptachlor to its 
ide, is commonly observed in the soil environment (Eichelberger and 
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Lichtenberg, 1971; Gannon and Bigger, 1958; Lichtenstein and Schulz, 1960; 
Matsumura, 1973; Matsumura et al., 1968; Plimmer et al., 1968; Wedemeyer, 
1966). The degraded products are often more persistent than their parent 
compounds. For example, dieldrin is more persistent than aldrin (Lichten­
stein et ^ . , 1971). 
Pesticide residues such as DDT and its metabolites, and dieldrin, 
have been extensively found in the waters of the United States (Breiden-
bach al., 1964 and 1967; Lichtenberg et al., 1970). These compounds 
enter the aquatic environment in various ways, including atmospheric 
fallout, industrial effluents, leaching and runoff from agricultural land, 
direct application to control undesirable aquatic organisms, etc. (Dustman 
and Stickel, 1966; Faust and Aly, 1964; Merkle and Bovey, 1974; Nicholson, 
1969 and 1970; Ruckelshaus, 1972; Stanley et al., 1971), Runoff from 
the agricultural lands previously treated with pesticides is the major 
pathway by which pesticides contaminate streams, rivers, and lakes at a 
continuous basis although at very low levels (Bailey, 1966; Bailey and 
Hannum, 1967; Barthel et al., 1966; Hiudin et al., 1966; Lauer et al., 
1966; Muirhead-Thomson, 1971; Nicholson et al., 1962). Bu1kley et al. 
(1974), Johnson and Morris (1971), and Richard et al. (1975) monitored 
pesticide studies in lowa rivers and found that pesticide concentrations 
in the rivers were directly related to the application of the pesticides 
on agricultural land in the watershed. Pesticides can be transported 
from land to water by adsorption on the particulate matter, or by dis­
solution in the runoff water, or by both means (Bailey, 1966; Caro and 
Taylor, 1971). The transportation mechanism depends on water solubility 
of the pesticides, adsorption interaction between pesticides and soil 
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particles, and nature of the runoff water. In general, soluble pesti­
cides such as most herbicides are transported mainly by dissolution in 
the runoff water draining the land, whereas slightly soluble compounds 
are transported by both means (Bailey, 1966; Baker and Johnson, 1977). 
Sti'.dies by Caro and Taylor (1971) and Haan (1971) showed that concentra­
tions of dieldrin, DDT, and aldrin sorbed by suspended sediments were a 
thousand times greater than those in the runoff water. 
Literature concerned with the dynamics of pesticides in the aquatic 
ecosystem is voluminous (Duke, 1976; Gould, 1972; Haque and Freed, 1975; 
Haque et al., 1977; Huang, 1971a; Robinson, 1972; Stickel, 1968). Once 
the pesticide reaches the aquatic environment, it can follow a number 
of pathways in the system: 
1) The pesticide may remain dissolved in the water, depending on its 
solubility and the characteristics of the medium. In this state, 
hydrolysis and degradation may occur (Miskus al., 1965; Pionke and 
Chesters, 1973). 
2) The pesticide may interact with suspended material and sediment. 
The nature of this interaction depends on the solubility of the pesti­
cide, the characteristics of the sediment such as particle size, organic 
and clay contents, and the nature of the water. Both laboratory and 
field studies indicate that low solubility of pesticides and high 
organic content of the sediment are major factors responsible for the 
strong adsorption interaction between pesticides and sediments (Lotse 
^ al., 1968; Wershaw and Goldberg, 1972). Pesticides such as dieldrin, 
methoxychlor, DDT and its metabolites are rapidly sorbed onto suspended 
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material (Eye, 1968; Memaet al,, 1972; Pfister^al,, 1969), vrfiich 
eventually settles at the bottom of the aquatic environment. There are 
numerous investigations tc indicate that levels of pesticides found 
in the sediments of a body of water are many times higher than that 
found in the water itself (Barthel et jd., 1966; Bridges et al., 1963; 
Rowe et al., 1971; The Illinois Nstural History Survey, 1970). Once 
in the sediment, pesticides may be released to the overlying water from 
water-sediment interface or be picked up by organioms burrowing in 
the bottom or by bottom feeders, resulting in the return of pesticides 
to the food chain. The contribution of pesticides through this pathway 
into the biological cycle is probably significant but difficult to 
evaluate (Gould, 1972). Pesticides in the sediment may also be de­
graded (Hill and McCarty, 1967 ; Lichtenstein et al., 1966) or simply 
buried by new sediment. In this buried state, a pesticide may persist 
in the environment over a long period of time (Hill and McCarty, 1967). 
3) The pesticide may be lost to the atmosphere by codistillation 
with the water (Acree et al., 1963; Lichtenstein and Schulz, 1970; Porter 
and Beard, 1968). The degree of codistillation depends on the water 
solubility and vapor pressure of the pesticide, water temperature, etc. 
(MacKay and Leinonen, 1975), Dieldrin with lower vapor pressure was 
found to volatilize with water at a slower rate than heptachlor with 
high vapor pressure, and its volatilization was affected to varying degrees 
by temperature, pH, and salt concentration in the water (Huang, 1971b), 
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4) The pesticide may be taken up by aquatic organisms. Aquatic 
organisms tend to accumulate certain pesticides in their tissues thousands 
of times greater than the concentration in surrounding water (Bridges 
et al., 1963; Croker and Wilson, 1965; Crosby and Tucker, 1971; Holden, 
1966; Hunt and Bischoff, 1960; Paz, 1976; Rose and Mclntire, 1970; Vance 
and Drummond, 1969). For instance, algae, daphnia, and guppies were 
found to store dieldrin 1,282, 13,954, and 49,307 times the concentration 
in the water, respectively (Reinert, 1972). Aquatic organisms may ab­
sorb pesticides directly from water as well as indirectly from pesticide-
contaminated food organisms (Bridges et , 1963; Mulla et al., 1966; 
Shannon, 1974). The amount accumulated is dependent upon the characteris­
tics of the pesticides, particularly its lipophilic!ty and water solubility, 
the quantity of pesticide available in the given environment, the 
physiology and behavior of the organisms, and environmental conditions 
(Gakstatter and Weiss, 1967; Johnson, 1973; Morley, 1977; Ruckelshaus, 
1972). 'Uoaccumulation is greatest with pesticides of low water solu­
bility -«ad high persistence, organisms with high lipid content, and when 
high levels of the chemicals exist in the environment (Hamelink al., 
1977; Isensee and Jones, 1975; Johnson, 1973; Khan, 1977; Roberts et al. 
1977). Many organochlorine insecticides are known to be much more 
soluble in living tissues than in water because of their lipophilic 
property, which causes rapid transfer of these compounds from water 
to the organism (Fromm and Hunter, 1969; Reinert, 1972). Once inside 
the body, organochlorine insecticides are very stable in living tissues. 
Thus, magnification of these chemicals via the food chain is obseirved 
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extensively in the environment (Bridges et al., 1963; Johnson et al., 
1971). In contrast, most herbicides are rapidly excreted in body wastes 
with little or no accumulation in living tissues (Cope et al., 1970; 
Rodgers, 1970; Walker, 1963), zc that movement of these compounds through 
the food chain seems unlikely to occur (Wojtalik et al., 1971). 
The phenomenon of biological magnification of insecticides in the 
aquatic environment has been explained by two different hypotheses: one 
states that biomagnification is caused by mass transfer of pesticide 
residues via the food chain (Burdick et al., 1964; Hamellnk et al., 1977; 
Harrison et al.. 1970; Hunt, 1966; Hunt and Bischoff, 1960; Macek and 
Kom, 1970; Rudd, 1964; Woodwell, 1967; Woodwell al., 1967). Another 
hypothesis temed "exchange equilibrium" suggests that biomagnification 
is controlled by absorption and partition of pesticides from the surround­
ing water (Chadwick and Brocks en, 1969; Derr and Zabilc, 1974; Ferguson 
et al., 1966; Hamelink et al., 1971; Kapoor et al., 1973; Kenaga, 1975; 
Neely et al., 1974). 
Fish are good indicators in reflecting the degree of pesticide 
contamination in the aquatic environment because they accumulate the 
compounds in their tissues up to very Li^h levels which are readily de­
tected and which relate to the pesticide concentrations in the environment 
(Edwards, 1976; Hansen, 1966). However, different fish species vairy 
greatly in their ability to store pesticide residues in their tissues 
(Lyman et al., 1968; Paz, 1976). Intraspecific variation in accumulation 
and elimination of pesticides is ascribed to age, sex, size, lipid con­
tent, ai'd others (Anderson and Everhart, 1966; Buhler and Shanks, 1970; 
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Holden, 1966; Johnson and Lew, 1970; Matsunmra, 1977; Murphy, 1971; Paz, 
1976; Reinerc, 1969; Reinert and Bergman, 1974; Shannon, 1974). 
Fish and other aquatic organisms exhibit both acute and chronic 
effects upon exposure to pesticides (Dustman and Stickel, 1966; Harring­
ton and Bidlingmayer, 1958; Lane and Livingston, 1970; Ruckelshaus, 1972), 
Acute effects include immediate mortality, respiratory difficulty, loss 
of equilibrium, and reduced activity (Johnson, 1973; Nicholson, 1959; 
Tarzwell and Henderson, 1957; Young and Nicholson, 1951). However, 
chronic effects are probably more significant to the fish population in 
a natural environment contaminated with low levels of pesticides con­
tinuously. Chronic effects include reduced growth, injured gills, 
lesions of organs-, reproductive failure, lowered resistance to diseases, 
impaired osmoregulation, changed blood composition, choline s terase in-
activation, increased oxygen consumption, abnormal behavior, and others 
(Burdick et al., 1964; Cairns and Scheier, 1964; Caims et al., 1967; 
Cope, 1961; Eller, 1971; Lane and Livingston, 1970; Mayer et al., 1975). 
River impoundments used for flood control, water quality improve­
ment, recreational and other purposes are very common in this country. 
The influence of impoundments on water behavior and water quality has 
been reviewed by Symons et al. (1964) and Churchill and Asce (1958). 
Streamflow is reduced within the impoundments and consequently most of 
the suspended sediments carried by the inflowing water are deposited 
at the bottom of the basins, and result in the reduction of turbidity in 
the water (Neel £l., 1963). Hence, impoundments act as entrapment 
basins for pollutants adsorbed on suspended sediments. Pionke and 
9 
Chesters (1973) showed that the highest concentration of adsorbed 
organochlorine insecticides occurred at the water-sediment interface, 
and accelerated sedimentation in an impoundment may physically bury the 
contaminated sediments, or may provide additional adsorbing surface area 
to the pesticides in the overlying water, Ruckelshaus (1972) and Lorio 
et al. (1976) indicated that pesticides were more persistent in static 
water areas than in flowing, dynamic current areas. Evaporation is also 
enhanced in the impoundment because of the large surface area exposed 
to the air (Meyers, 1962). Pollutant loss to the atmosphere is probably 
significant (Acree et al., 1963; Porter and Beard, 1968; Spencer et al., 
1973). 
A mathematical model used to calculate the movement of pollutants 
transported through or off an agricultural watershed was described by 
Frere (1975). Quantification of sediment yields from agricultural water­
sheds and variables affecting sediment transportation were discussed by 
0nstad and Moldenhauer (1975). But no satisfactory model has been de­
veloped to describe how the creation of a reservoir affects pesticide 
residue concentrations in fish. 
The objective of this study is to investigate the effect of im­
pounding a river on the accumulation of selected pesticides by differ­
ent species of fishes and to relate level variations of pesticides in 
the river to the timing of agricultural activity and climatic conditions. 
10 
STUDY AREA 
The Des Moines River, the largest river in the State of Iowa, rises 
in the glacial moraine area in southwestern Minnesota and flows south­
easterly across Iowa to join the Mississippi River. Saylorville Reservoir 
was impounded in April, 1977 and is located on the Des Moines River about 
344 Km upstream from the mouth (Figure 1), The reservoir was built pri­
marily for flood control purposes and secondaiily for water quality con­
trol and recreational activities. It has a flood storage capacity of 
0,734 Km^, a surface area of about 22 Km^, and a mean depth of 4,3 m at the 
conservation level. No summer thermal stratification has occurred. Water 
temperatures seldom vary by more than 1° to 2°C from the surface to the 
bottom of tne reservoir. Four game fish species (walleye, Stizostedion 
vitreum, largemouth bass, Micropterus salmoides, northern pike, Esox 
lucius, and striped bass, Morone americanus) and two panfish species 
(white bass, Morone chrysops, and white crappie, Pomoxis annularis) have 
been stocked in the reservoir (Sparks, 1977). 
In my study, three collection stations were set up (Figure 1). 
Station 1 at Boone is located about 83 Km upstream from Saylorville Dam^ 
2 drainage area at this point is approximately 14,530 Km . Station 2 is 
located within the Saylorville Reservoir with an upstream drainage area 
of 15,081 Km^. Station 3 at the town of Saylorville is about 3 Km down­
stream from Saylorville Dam. Drainage area at this point is approximately 
15,128 Km^. 
Approximately 797. of the Des Moines River watershed above Des 
Moines is cropland, 6% is permanent pasture, 57, is forest, and 77. is 
Figure 1. Location of collection stations in relation to Saylorville 
Reservoir 
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urban (Iowa Department of Environmental Quality, 1976). Com and soy­
beans are two main crops in the watershed. 
The portion of the river basin in Iowa has a temperate climate 
with an average yearly temperature range from about 8 to 10°C from north 
to south (Schwob, 1970), The water tençerature in the study area ranged 
from 0 to 26.5°C during the sampling period. Stations 1 and 2 experienced 
1007. ice cover in the winter months (Baumann et al., 1979), Normal annual 
precipitation over the drainage area ranges from 62.5 to 77.5 cm from 
north to south with an average of 70.7 cm (Schwob, 1970), Greatest 
precipitation of the year usually occurs in June. Heavy rainfalls and 
cloudbursts occasionally cause high river flows in summer and early fall. 
Annual snowfall averages about 77.5 cm (Iowa Department of Environmental 
Quality, 1976). An early spring flood frequently follows snowmelt and 
fast runoff of the water. 
The river bottom at Stations 1 and 3 is chiefly sand-gravel, with 
sand-silt, rubble, and boulders in some areas. The reservoir bottom 
is sand-silt. During periods of low water level, many sand and gravel 
bars appear in the river above and below the reservoir, 
Baucann et al, (1979) measured 47 physical, chemical, and biological 
parameters in the Des Moines River during the period between August, 1977 
and October, 1978. Their survey indicated that biochemical oxygen demand 
and chemical oxygen demand were usually higher at Station 1 than at 
Stations 2 and 3. Concentrations of suspended solids were also con­
sistently much greater at Station 1 except during the winter months. Dis­
solved oxygen was in most instances well above the minimal level (4,U 
14 
mg/1) preferred for aquatic organisms, although relatively lower levels 
occurred in summer months. Dissolved oxygen levels down to 0,73 mg/1 
occurred at the bottou of the reservoir during summer. Analysis of phyto-
plankton and macroinvertebrates indicated that diatoms were the most 
significant organisms of the total plankton population. The largest 
diatom populations occurred at Stations 1 and 2. Total phytoplankton 
counts were higher at Station 1 than at Station 3 except during the 
winter. Station 1 also had the most species and greatest numbers of 
macroinvertebrates except during the winter months. The predominant 
macroinvertebrates were caddisflies and midge larvae. 
A pre-impoundment survey of fish species in 1973 by the Iowa 
Conservation Commission revealed a large channel catfish (Ictalurus 
punctatus) population. Gizzard shad (Dorosoma cepedianum). a forage 
species desirable for maintaining growth of predator gamsfish species, 
was abundant. Other species such as carp (Cyprinus carpio) and river 
carpsucker (Carpiodes carpio) were very abundant in the river. 
The major source of pollution in the river is from nonpoint agri­
cultural runoff (Iowa Department of Environmental Quality, 1976), In­
dustries located upstream from the collection sites contribute rela­
tively small amounts of pollution. 
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MATERIALS AND METHODS 
Extraction Chemicals 
All solvents used were suitable for pesticide analysis. Organic-
free water was obtained by oxidizing distilled water with basic potassium 
permanganate in a distillation assembly. Organic-free sodium sulfate and 
sodium chloride were produced by heating anhydrous sodium sulfate and 
sodium chloride at 400°C in a muffle furnace for 2 hr. The XAD-2 macro-; 
reticular resin used for extraction of dissolved pesticides was prepared 
for column packing by slurring in methanol, decanting to remove the 
fines, and purifying by sequential solvent extractions with methanol, 
acetonitrile, and diethyl ether in a Soxhlet extractor for 8 hr per 
solvent (Junk et ai., 1974). The purified resin (40-60 mesh) was stored 
in a glass-stoppered bottle under methanol. Whatman no. 40 filter paper 
used for water extraction was Soxhlet-extracted with acetonitrile for 
at least 18 hr followed by a second extraction with petroleum ether in 
the same manner. Whatman extraction thimbles were extracted with 
acetonitrile only for sediment analysis, Whatman no. 2V folded filter 
paper was not pre-extracted before use in fish tissue analysis. 
Water 
During the study period from September, 1977 through November, 1978, 
4-liter water samples were collected weekly or biweekly at Station 1 
(subsurface water). Station 2 at approximately 0.3 Km upstream of Saylor-
ville Dam (subsurface, mid-depth, and bottom water), and Station 3 
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(subsurface water). Duplicate samples were not taken. The subsurface 
water samples were collected using a stainless steel sampling bucket, and 
the mid-dspth and bottom water samples were obtained with a submersible 
pump. Samples were stored in amber reagent bottles sealed with Teflon-
lined screw caps until extraction. The samples were filtered through 
pre-extracted Whatman no, 40 filter paper b> air suction to separate 
the dissolved from the suspended fractions. The macroreticular resin 
method (Junk ^  al., 1974) was used to extract dissolved pesticides for 
three reasons; 1) large sample volumes are possible, 2) the ratio of 
amount of solvent used to amount of water extracted is very small, and 
3) the method is accurate and reliable for analyzing trace amounts of 
dissolved organic materials (Harvey, 1972; Junk et al., 1974). The 
filtrate was decanted into a 5-liter glass reservoir and passed through 
a resin column by gravity at a flow-rate of 20-30 ml per minute. A 
volume of 20 ml diethyl ether was then added to extract the resin twice 
and the elution was collected in a 60-ml separatory funnel. An additional 
10 ml of diethyl ether was poured over the resin and combined with the 
first elution. The water layer was then drained from the separatory 
funnel and 20 ml petroleum ether was added. The mixture was shaken 
for approximately 30 seconds followed by the addition of 2 grams anhydrous 
sodium sulfate to remove the remaining water. The sample was then con­
centrated to 1 ml by evaporation in a 50-ml concentration vessel at­
tached to a small three-cavity Snyder column for quantification by gas 
chromatography without further treatment. 
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The suspended fraction retained on the filter paper was Soxhlet-
extracted with 300 ml acetonitrile for 18 hr. The pesticides were then 
partitioned into petroleum ether by extracting with two 90-ml portions 
of petroleum ether, adding 1000 ml redistilled water, and shaking 
vigorously fov approximately 30 seconds. A 5-ml portion of saturated 
NaCl solution was added to facilitate the partitioning. The petroleum 
ether extracts were combined and washed with 100-ml redistilled water 
twice to remove the remaining acetonitrile. No Florisil cleanup was 
applied. The extracts were concentrated to 1 ml by evaporation in a 
Kudem.i-Danish evaporation assembly for quantiSxation. Results were ex­
pressed as picograms of pesticide per ml of water (parts per trillion) 
for both dissolved and suspended fractions. 
Bottom Sediment 
Bottom sediment samples were collected monthly when possible at two 
locations within the reservoir: 1) 8 Km from the dam at mid reservoir 
(Polk City Bridge), and 2) at the upper reach 16 Km from the dam (High­
way no. 17 Bridge). The top 10-15 mm of the sediment sample collected 
by Eckman dredge was scooped up to collect newly deposited material. Four 
to five grabs of sediment were taken at intervals across each bridge and 
mixed thoroughly to form respective composite samples, Sançles were 
stored in 4-liter glass jars sealed with aluminum foil-lined covers. 
The procedures described by the Great lakes Region Committee on Analytical 
Methods (1969) were slightly modified for extracting pesticides from the 
sediment, Sanq)les were covered with open mesh cheesecloth and dried 
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thoroughly at room temperature by electric fan. Samples were then ground 
in an electric blender and passed through a no. 35 standard sieve (500 
microns openings). Duplicate 25-gram air-dried aliquots were moistened 
by mixing with 5 ml redistilled water and retained for about 10-15 minutes 
to facilitate the desorption of pesticides from the soil particles (Saha 
et al., 1969). The moist aliquots were then placed in pre-extracted 
thimbles and Soxhlet-extracted with 300 ml of 1:1 hexane-acetone for 18 
hrs. The extracts were concentrated to 10 ml, cleaned up with Florisil 
column, and eluted with 200 ml of 20% ethyl ether in petroleum ether. 
The elutions were concentrated to 10 ml for quantification. Sulfur inter­
ferences in the final samples were removed by addition of metallic copper 
powder (U.S. Environmental Protection Agency, 1977), Results were ex­
pressed as nanograms of pesticide per gram of bottom sediment (parts per 
billion, dry weight basis). 
Fish 
Fish samples were collected at Stations 1, 2, and 3 in October, 1977 
and April, July, and October, 1978 by use of gill-nets, hoop-nets, and 
electroshockers. Species analyzed for pesticide residues were gizzard 
shad, river carpsucker, carp, channel catfish, white crappie, largemouth 
bass, and walleye. Specimens were grouped by collection date, 
location, species, and size. Length was determined. Individuals in 
the same group were ground, pooled, and mixed homogeneously. Subsamples 
were then taken, wrapped in aluminum foil, and frozen until analysis. 
For comparison purposes, dorsal muscle tissue from some groups of larger-
size fish was analyzed for pesticide residues. The method of tissue 
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analysis described in Pesticide Analytical Manual of U.S. Department of 
Health, Education, and Welfare (1970) was employed with slight modifica­
tion. After thawing, 25-30-gram samples were extracted with 200 ml of 65% 
acetonitrilezwater for 5 min in a 1-liter stainless steel blender. The 
samples were filtered through a funnel containing a folded filter paper 
into a 250-ml graduated cylinder. Volumes recovered were recorded. The 
filtrates were then quantitatively transferred to a 1-liter separatory 
funnel, extracted with 100 ml petroleum ether and 600 ml water. The 
mixtures were mixed thoroughly with vigorous tumbling action for 30 
seconds followed by the addition of 10 ml saturated NaCl solution to 
facilitate the partitioning. The aqueous layer was discarded, while 
the solvent layer was washed with two 100-ml portions of water to remove 
the remaining acetonitrile, transferred to a 100-ml graduated cylinder, 
and the volume recovered recorded. The wet weights of tissue samples 
were corrected for the losses of acetonitrilezwater mixture and petroleum 
ether. The extracts were then cleaned up by Florisil column as previously 
described for bottom sediment samples except that no concentration of 
the extracts was made before the elution process. The elution was con­
centrated to 10 ml for quantification. Results were expressed in nanograms 
of pesticide per gram of fish tissue (parts per billion, wet weight basis). 
Some fish samples collected in July and October, 1978, were measured 
for percentage fat content using the Rapid Modified Babcock Method (Assoc. 
Official Agric. Anal. Chemists, 1965). Duplicate 5-10-gram samples were 
digested with 30-40 ml of 70% perchloric acid in Babcock cheese bottles 
placed in a water bath maintained at 75-80°C. After the digestion 
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was complete, percentage fat was read from the calibrated neck of the 
bottle. 
Quantification 
A Tracor 550 gas chromatograph fitted with a Ni electron-capture de-
o 
tector maintained at 340 C was employed for the quantification of alachlor, 
bladex, dieldrin, pp'-DDE, pp'-DDD, pp'-DDT, and heptachlor epoxide. A 
N-P detector at 240°C was used for atrazine quantification, A 10% DC-200 
column and a 6% SE-30, 4% OV-210 column at 210^0 along with known 
standard were employed for identifying and quantifying the pesticides. 
Flow rate of carrier gas %as about 90-100 ml per min. Detection limits 
were 1 pptr for insecticides and 10 pptr for herbicides. Trade and common 
names for pesticides are used interchangeably in the text. Chemical names 
for pesticide study are as follow; 
CoTTOTion name (Trade name) Chemical name 
Atrazine (Aatrex) 2-chloro-4(ethyIamino)6-(isopropylamino)-s-
triazine 
Cyanazine (Bladex) 2-[(4-chloro-6-(ethylamino)-s-triazin-2-yl) 
amino]-2-methylpropionitrile 
Alachlor (Lasso) 2-chloro-2',6'-diethyl-N-(methoxymethyl) 
acetanilide 
Dieldrin 1,2,3,4,10,10-hexachloro-6,7-exo-epoxy-l,4, 
4a,5,6,7,8,8a-octahydro-l,4-endo-exo-
5,8-dime thanonaphthalene 
pp'-DDT 2,2-Bis(p-chlorophenyl)-2,2,2-trichloroethaœ 
pp'-DDE 2,2-Bis(p-chlorophenyl)-l,1-dichloroethylene 
pp'-DDD 2,2-Bis(p-chlorophenyl)-l, l.-dichloroethane 
Heptachlor epoxide 1,4,5,6,7,8,S-K6ptachloro-i,3-epoxy-3a,4, 
7,7 a-tetrahydro-4,7-methanoindene 
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RESULTS 
Water 
During the sampling period from September, 1977 through November, 
1978, the herbicides atrazine, slachlor, and bladex were found only in 
the dissolved fraction of Des Moines River water, indicating their low 
affinity for suspended sediment and high solubility in water. For each 
herbicide analyzed, no statistically significant difference in concentra­
tion was found either among three depths of water within Saylorville 
Reservoir (Station 2) or among three stations throughout the sampling 
period, Atrazine levels in the water ranged from 0 to 1,356 pptr (parts 
per trillion) throughout the sampling period (Table A-1), with an overall 
mean of 223 pptr (Table 1), Mean levels at Stations 1, 2, and 3 were 225, 
221, and 222 pptr, respectively. There was a decrease from high levels 
in September, 1977 to low levels throughout late fall, winter, and early 
spring followed by a sharp increase in May and June, 1978, and then a 
gradual decrease toward the end of the sampling period in November (Figure 
2). Atrazine concentrations in September and October of 1977 were approxi­
mately 4-6 times as high as the respective atrazine concentrations in 
1978, However, a dry summer and fall were experienced in 1977 as compared 
with wet seasons in 1978, The mean daily discharges for the Des Moines 
River at Stratford in water years 1977 and 1978 were 254 and 1,577 cfs, 
respectively (U.S, Geological Survey, 1978 and personal communication, Mr, 
Robert E, Hansen, hydrologist, U.S, Geological Survey, Ames, Iowa), indi­
cating that dilution effect due to increased surface runoff could be an im­
portant factor in reducing atrazine levels in the fall of 1978, There was no 
Table 1, Mean monthly atrazlne levels (pptr) in Des Moines River water at Stations 1, 2, and 3 
from September, 1977 through November, 1978* (range in parentheses) 
Date No, of 
sample days 
Station 1 Station 2 Station 3 Mean 
1977 
September 4 650 (227-1144) 403 (185-1110) 550 (293-1000) 508 
October 3 330 (75-684) 338 (18-903) 407 (145-673) 353 
November 5 21 (16-30) 27 (6-83) 43 (34-56) 29 
December 3 26 (10-44) 46 (12-83) 67 (28-99) 46 
1978 
January 3 29 (15-44) 28 (< 10-86) 29 (17-39) 28 
February 2 20 (<10-31) 26 (<10-53) 12 (<10-13) 22 
March 2 25 (20-30) 37 (<10-70) 15 (<10-20) 30 
April 4 46 (38-60) 56 (31-74) 57 (36-90) 54 
May 5 638 (55-1356) 441 (55-1000) 299 (90-533) 452 
June 490 (309-778) 666 (256-1167) 687 (303-932) 635 
July 4^ 286 (231-338) 437 (273-642) 363 (269-538) 397 
August 5C 189 (109-272) 170 (59-268) 189 (97-269) 177 
September 4 115 (52-189) 104 (38-212) 150 (85-210) 117 
October 3 27 (22-31) 70 (0-95) 87 (79-101) 65 
November 2 23 (20-26) 61 (43-74) 50 (44-55) 51 
Mean 225 221 222 223 
^Raw data in Table A-1, 
^Three sample days at Station 1 . 
^Four sample days at Station 1. 
Figure 2. Acrazine concentrations in Des Moines River water at Stations 1, 2, and 3 from 
September, 1977 through November, 1978 
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correlation between atrazine levels in Des Moines water and surface run­
off either over the entire sampling period or after crop planting (April 
25-May 25) in Iowa in 1978. Richard et al. (1975) surveyed the atrazine 
levels in major watersheds in the State of Iowa in 1974 and reported 
that atrazine levels in Des Moines River water at Boone during the period 
between May 21 and July 25 ranged from 50 to 800 pptr with a mean of 211 
pptr. However, they found a significant correlation between surface 
runoff and atrazine levels in this river and other major watersheds sur­
veyed. 
Alachlor concentrations ranged from 0 to 1,450 pptr throughout the 
sampling period (Table A-2), with an overall mean of 89 pptr (Table 2). 
High levels were found in -Tune and July, 1978 (Figure 3). Again, levels 
in the fall season were higher in 1977 than in 1978. Mean levels at 
Stations 1, 2 and 3 throughout the sampling period were 115, 80, and 72 
pptr, respectively. 
Bladex concentrations ranged from 0 to 660 pptr (Table A-3) with an 
overall mean of 91 pptr (Table 3) and followed a similar seasonal trend 
as did alachlor with higher levels occurring in June and July (Figure 4). 
Mean levels at Stations 1, 2, and 3 were 71, 90, and 111 pptr, respective­
ly, throughout the sampling period. Positive correlations were evident 
between surface runoff and concentrations of both alachlor (r=0,37, 
p=0.01) and bladex (r=0.63, p=0.0001). In general, the concentrations of 
selected herbicides in Des Moines River water showed a similar seasonal 
fluctuation with high levels occurring shortly after herbicide appli­
cation to the soil (April 15-May 15) and crop planting in Iowa. A 
Table 2, Mean monthly alachlor levels (pptr) in Des Moines River water gt Stations 1, 2, and 3 
from September, 1977 through November, 1978® (Range in parentheses) 
Date No, of Station 1 Station 2 Station 3 Mean 
sample days 
1977 
September 4 271 (31-812) 99 (32-227) 117 (53-249) 150 
October 3 27 (15-34) 32 (13-66) 41 (17-86) 33 
November 5 24 (3-82) 30 (5-151) 44 (6-148) 32 
December 3 3 (0-5) 3 (0-7) 3 (0-7) 3 
1978 
January 3 0 (0) 0 (0) 0 (0) 0 
February 2 0 (0) 0 (0) 0 (0) 0 
March 2 0 (0) 0 (0) 0 (0) 0 
April 4 0 (0) 0 (0) 0 (0) 0 
May 5 113 (0-169) 72 (0-158) 43 (0-102) 74 
June 4. 816 (82-1450) 410 (102-1125) 370 (112-725) 483 
July 4^ 192 (55-423) 319 (100-718) 278 (90-626) 290 
August 5C 23 (5-45) 34 (5-67) 28 (7-66) 31 
September 4 14 (3-28) 8 (3-22) 10 (8-13) 10 
October 3 0 (0) 0 (0) 0 (0) 0 
November 2 0 (0) 0 (0) 0 (0) 0 
Mean 115 80 72 89 
®Raw data in Table A-2 . 
^Three sample days at Station 1 , 
^Four sample days at Station 1. 
Figure 3, Alachlor concentrations in Des Moines River water at Stations 1, 2, and 3 from 
September, 1977 through November, 1978 
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Table 3. Mean monthly bladex levels (pptr) in Des Moines River water at Stations 1, 2 ,  and 3 from 
September, 1977 through November, 1978® (Range in parentheses) 
Date No. of 
sample days 
Station 1 Station 2 Station 3 Mean 
1977 
September 4 46 (14-60) 122 (20-263) 138 (0-3Ô1) 106 
October 3 31 (19-47) 46 (28-61) 151 (86-224) 68 
November 5 20 (9-30) 31 (13-77) 53 (34-85) 33 
December 3 14 (0-25) 24 (0-47) 20 (0-43) 21 
1978 
January 3 0 (0) 0 (0) 0 (0) 0 
February 2 0 (0) 0 (0) 0 (0) 0 
March 2 0 (0) 0 (0) 0 (0) 0 
April 4 0 <0) 0 (0) 0 (0) 0 
May 5 109 (0-217) 99 (0-161) 71 (0-98) 95 
June 4. 268 (210-329) 306 (118-660) 457 (185-640) 329 
July 4b 307 (180-500) 323 (140-660) 345 (200-520) 325 
August 5c 111 (14-119) 164 (67-374) 152 (53-309) 152 
September 4 31 (24-36) 42 (21-67) 38 (26-48) 39 
October 3 27 (13-36) 25 (0-48) 28 (17-47) 26 
November 2 2 (0-4) 6 (4-7) 4 (3-6) 5 
Mean 71 90 111 91 
®Rav7 data in Table A-3. 
^Three sample days at Station 1, 
^Four sample days at Station 1. 
Figure 4. Bladex concentrations in Des Moines River water at Stations 1, 2, and 3 from 
September, 1977 through November, 1978 
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similar pattern was also observed in other smaller watersheds in Iowa 
(Richard et al., 1975). Thus, herbicide levels were positively corre­
lated with surface runoff from the Des Moines River watershed; this 
observation agrees with pesticide runoff concepts proposed for agricultural 
land by Bailey et (1974). 
The insecticide dieldrin was found in both dissolved and suspended 
fractions of Des Moines River water. Total dieldrin concentrations at 
Station 1 ranged from 1 to 33 pptr throughout the samp^ _ng period (Table 
A-4), with an overall mean of 7 pptr (Table 4). High levels occurred 
in September and October, 1977 and June, 1978. The dissolved fraction 
ranged from 0 to 14 pptr. The suspended fraction ranged from 0 to 19 pptr 
and contained more than half of the total dieldrin load about two thirds 
of the time (Figure 5). A significant correlation between the dissolved 
and suspended fractions (r=0.61, p=0.0001) indicated that both parameters 
generally followed the same seasonal fluctuation. A positive correla­
tion was also found between the dissolved dieldrin levels in the water 
and in surface runoff (r=0.35, p=0.01). However, no correlation between 
the suspended dieldrin concentrations and surface runoff was evident. 
Kellogg (1974) studied dieldrin contamination in Des Moines River water 
at Boone during the period between April and November of 1972 and 1973 
and reported that total dieldrin concentrations in the water ranged 
from less than 10 to 40 pptr in 1972, and from 1 to 31 pptr in 1973. 
High levels were found in June and July of both years. He reported a 
positive correlation between dissolved and suspended dieldrin concentra­
tions in the water, and a significant correlation between the dissolved 
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Table 4. Mean monthly dieldrin levels (pptr) in Des Moines River 
water at Station 1 from September, 1977 through November, 
1978® 
Date Number of 
sample days 
Dissolved 
Mean Range 
Suspended 
Mean Range 
Total 
Mean Range 
1977 
September 4 6 3-14 8 <1-19 14 4-33 
October 3 4 3-7 8 5-11 12 8-18 
November 5 1 1-3 4 <1-9 5 2-10 
December 3 2 1-3 1 <1-2 3 2-5 
1978 
January 2 1 1 1 <1-2 2 2-3 
February 2 1 ^1-1 2 2 3 3 
March 2 2 2 2 2-3 4 4-5 
April 4 2 2-3 5 1-12 7 3-15 
May 5 3 2-5 2 1-4 5 4-7 
June 4 5 2-7 6 2-12 13. 4-19 
July 3 5 4-7 3 2-4 8 7-11 
August 4 2 1-4 3 3-4 5 4-7 
September 4 2 1-4 6 2-10 8 4-13 
October 3 1 0-3 5 2-10 6 2-13 
November 2 1 1 1 0-2 2 1-3 
Mean 3 4 7 
^aw data in Table A-4 , 
Figure 5. Total and suspended dieldrin concentrations in Des Moines River water at Station 1 
from September, 1977 through November, 1978 
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dieldrin concentrations and surface runoff. Another survey conducted by 
Richard £t al. (1975) at the same location on the Des Moines River showed 
that dissolved dieldrin levels (ranging from 2 to 14 pptr during the 
period bet^jeen April and July of 1974 with a mean of 7 pptr) were highly 
correlated with surface runoff in the watershed. 
There was no significant difference in dieldrin concentrations at 
three water depths within Saylorville Reservoir during the sampling period. 
Total dieldrin concentrations at this station ranged from 0 to 30 pptr 
(Table A-4), with an overall mean of 5 pptr (Table 5). High levels oc­
curred in September and October, 1977 and May and July, 1978. The dis­
solved dieldrin concentiations in the reservoir ranged from 0 to 8 pptr. 
The suspended fraction ranged from 0 to 27 pptr and contained between 
25% and 1007. of the total dieldrin levels in the fall of 1977. The per­
centage in the suspended fraction was mostly below 50% in 1978 (Figure 6). 
There was no correlation between the dissolved and suspended dieldrin 
concentrations in the water within Saylorville Reservoir. A positive 
correlation between the dissolved dieldrin concentration and surface run­
off was evidsst, however (r=0.35, p=0.01). Correlation between the sus­
pended dieldrin concentration and surface runoff was not significant. 
Total dieldrin concentrations at Station 3 below the reservoir ranged 
from 2 to 11 pptr (Table A-4), with an overall mean of 5 pptr (Table 6) 
throughout the sampling period. The concentrations followed a similar 
seasonal fluctuation to those within the reservoir. The dissolved dieldrin 
concentrations at Station 3 ranged from less than 1 to 10 pptr. Suspended 
levels ranged from less than 1 to 5 pptr and contained between 9% and 
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Table 5. Mean monthly dieldrin levels (pptr) in Des Moines River water 
at Station 2 from September, 1977 through November, 1978® 
Date Number of Dissolved Suspended Total 
sample days Mean Range Mean Range Mean Range 
1977 
September 4 4 0--6 6 <1-27 10 <1-30 
October 3 3 1-8 6 3-13 9 4-20 
November 5 2 1-3 4 <1-9 6 2-10 
December 3 2 1-2 1 <1-2 3 2-5 
1978 
January 2 <.1 0-1 1 <1-2 2 1-3 
February 2 1 <1-2 2 1-3 3 2-4 
March 2 <1 <1-1 2 1-3 3 2-4 
April 4 2 1-2 2 1-3 4 3-4 
May 5 4 2-6 2 1-4 6 4-10 
June 4 3 0-6 1 <1-2 4 1-7 
July 4 6 6-8 1 <1-2 7 7-9 
August 5 4 3-6 <1 <1-1 . 5 4-6 
September 4 2 2-3 <1 <1-1 3 3-4 
October 3 2 0-4 <1 <1-1 3 <1-5 
November 2 1 0-2 <L 0-<l 2 0-3 
Mean 3 2 5 
^aw data in Table A-4 . 
Figure 6, Total and suspended dieldrin concentrations in Des Moines River water at Station 2 
from September, 1977 through November, 1978 
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Table 6. Mean monthly dieldrin levels (pptr) in Des Moines River water 
at Station 3 from September, 1977 through November, 1978^ 
Date Number of Dissolved Suspended Total 
sample days Mean Range Mean Range Mean Range 
1977 
September 4 6 3-8 2 <1-2 8 5-10 
October 3 5 2-10 3 <1-5 8 4-11 
November 5 2 1-4 2 <1-4 4 2-7 
December 3 2 1-2 1 <1-2 3 2-4 
1978 
January 2 CI <1-1 <1 <1-1 2 2 
February 2 <1 <1-1 2 2-3 3 3-4 
March 2 <1 <1 2 2 3 3 
April 4 2 1-3 2 1-3 4 3-5 
May 5 4 3-6 2 1-3 6 4-9 
June 4 4 2-6 1 1-2 5 4-7 
July 4 6 6 1 1-2 7 7-8 
August 5 4 2-5 <1 <1-1 5 3-6 
September 4 3 2-3 1 <1-2 4 4 
October 3 2 2-3 <1 <1-1 3 3-4 
November 2 1 1 <1 <1 2 2 
Mean 3 2 5 
®Raw data in Table A-4. 
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67% of the total dieldrin load (Figure 7). As at Station 2, there was no 
correlation between the dissolved and suspended dieldrin concentrations 
at Station 3. However, no significant correlation was found between the 
dissolved dieldrin concentration and surface runoff at this station. 
At each station, the total dieldrin concentrations in the fall of 
1977 were approximately two to three times es high as those in the fall 
of 1978. This difference was possibly due to an 857» reduction in amount 
of aldrin applied to the soil in Iowa in 1978 over 1977 (personal com­
munication, Dr. Harold Stockdale). And, in addition, the increased 
surface runoff could have diluted the concentrations of dicldrin in the 
fall of 1978. Comparison of dieldrin concentrations among the three 
stations showed that total dieldrin concentrations at Station 1 above 
the reservoir were significantly higher than those at either Station 2 or 
Station 3 (F=5.38, p=0.005), but no significant difference was observed 
between the latter two stations (Figure 8). Since the dissolved dieldrin 
concentrations were not significantly different among three stations, 
the higher total dieldrin concentrations detected at Station 1 were 
attributed to that portion contained in the suspended sediment of the 
water samples. In fact, at Station 1 the amounts of suspended solids 
were mostly 2 to 20 times higher than at Stations 2 or 3 over the sampling 
period (Table A-5) (Baumann et al., 1978 and 1979). Higher amounts of 
suspended solids occurred in April, late June, early July, and September 
of 1978 (Figure 9), corresponding to high concentrations of total dieldrin 
at Station 1 in the same year. Low amounts of suspended solids within 
Saylorville Reservoir and at downstream Station 3 resulted fror 
Figure 7. Total and suspended dieldrin concentrations in Des Moines River water at Station 3 
from September, 1977 through November, 1978 
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Figure 8. Dieldrin concentrations in Des Moines River water at Stations 1, 2, and 3 from 
September, 1977 through November, 1978 
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Figure 9. Concentrations of suspended solids in Des Moines River water at Stations 1, 2, and 3 
from September, 1977 through November, 1978 
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deposition of the sediment in the reservoir. 
Water samples were also analyzed for the presence of pp'-DDT and 
its metabolites pp*-DDE and pp'-DDD. Only pp'-DDE was detected in the 
water over the sampling period. Since the dissolved pp'-DDE levels were 
mostly less than 1 pptr, no exact quantification of this compound was 
made on the dissolved fraction of the water samples. The suspended 
pp'-DDE concentrations ranged from 0 to 66 pptr at Station 1 (Table A-6), 
with an overall mean of 7 pptr (Table 7). High levels occurred in 
September, 1977 and Jume and October, 1978 (Figure 10). At Station 2, 
concentrations were not significantly different among three depths of 
the water over the szzpling period and ranged from 0 to 25 pptr (Table 
A-6) with an overall mean of 4 pptr (Table 7). Higher levels were found 
in October, 1977. At Station 3, concentrations ranged from 0 to 132 pptr 
(Table A-6), averaging 6 pptr (Table 7). An exceptionally high level, 
132 pptr, was detected in early September, 1977 (Figure 10). However, no 
distinct seasonal fluctuations were observed at Stations 2 and 3,and the 
concentrations were mostly below 10 pptr at both stations in 1978. The 
difference in pp'-DDE concentrations among the three stations was not 
significant throughout the sampling period. There was also no significant 
correlation between suspended pp'-DDE levels in the water and surface 
runoff. 
To assess the amounts of dieldrin and pp'-DDE carried into Saylorville 
Reservoir by inflowing water, data on water-flow and amounts of suspended 
solids carried into and out of the reservoir are needed. Because no 
gaging station is located right above the reservoir, the water-flow into 
Table 7. Mean monthly pp'-DDE levels (pptr) in suspended sediment of Des Moines River water at 
Stations 1, 2 ,  and 3 from September, 1977 through November, 1978* (Range in parentheses) 
Date No, of 
sample days 
Station 1 Station 2 Station 3 Mean 
1977 
September 4 14 (<l-35) 7 (2-13) 40 (4-132) 18 
October 4 7 (2-13) 10 (2-25) 8 (<l-23) 9 
November 5 4 (1-8) 4 (<l-8) 3 (<l-8) 4 
December 3 2 (1-2) 3 (0-9) 6 (3-8) 3 
1978 
January 2 3 (0-5) 1 (0-4) 2 (0-3) 2 
February 2 5 (4-6) 4 (2-7) 5 (3-7) 4 
March 2 3 (3-4) 4 (3-5) 4 (3-5) 4 
April 4 4 (2-6) 5 (2-8) 4 (2-5) 4 
May 5 8 (5-15) 5 (2-12) 3 (3) 5 
June 4 21 (3-66) 3 (<l-8) 4 (<1-10) 7 
July 3 4 (2-8) 2 (0-4) 3 (2-4) 2 
August 4 5 (3-6) 1 (0-3) 1 (0-3) 2 
September 4 4 (1-5) 2 (1-3) 3 (<l-5) 2 
October 3 14 (0-33) 1 (<l-2) 3 (1-5) 4 
November 2 11 (<1-21) 2 (0-6) 4 (3-6) 5 
Mean 7 4 6 6 
®Raw data in Table A-( 
Figure 10, pp'-DDE levels in the suspended sediment of Des Moines River water at Stations 1, 
2, and 3 from September, 1977 through November, 1978 
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the reservoir during the sampling period was estimated on the basis of 
the relationship of water discharges between Stratford and Saylorville 
gaging stations before the reservoir was impounded. These stations 
were chosen because Stratford is only 19 Km upstream from Station 1 at 
Boone and Saylorville is only 3,5 Km downstream from Saylorville Dam. 
On the basis of total monthly flows at Stratford and Saylorville for 
water years 1968 to 1976 (U.S. Geological Survey, 1969a-1977), an equation 
was calculated to describe the relationship of water discharges between 
these two stations; 
Y = 1619 + 1.048 X 
where Y = water flow at Saylorville in cfs and 
X = water flow at Stratford in cfs 
Water flow into Saylorville Reservoir over the sampling period can then 
be calculated with this equation using the known water flow at Stratford 
(Table À-?). Because no significant difference in concentrations of 
suspended solids was found between Stations 1 and 3 during the period 
from August, 1973 to April, 1977 (the four year period before the reser­
voir was impounded) (Baumann et al., 1974, 1975, 1977a, and 197?b), 
amounts of suspended solids transported into the reservoir during the 
sampling period was estimated using those measured at Station 1. Amounts 
of dieldrin and pp'-DDE transported into the reservoir by inflowing water 
were estimated in grams/day using the following equations: 
Total = dissolved fraction + suspended fraction 
^d([P];vi) d([P]^[S]V) 
dt dt 
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where [P]^ = concentration of pesticide at Station 1 in dissolved 
fraction in ng of pesticide/liter of water (pptr) 
[P]s = concentration of pesticide at Station 1 in suspended 
flection in ng of pesticide/mg of suspended solids (ppn) 
[S] = concentration of suspended solids at Station 1 in mg/liter 
of water 
V = volume of inflowing water in cfs 
i = input 
t = time 
Since [P]g = where 
[P]gy = concentration of pesticide at Station 1 in suspended fraction 
in ng of pesticide/liter of water, equation (1) becomes; 
Total = (2) 
dt dt 
Pesticide concentrations less than 1 pptr except 0 were assigned a value 
of 1 pptr for calculations. Total dieldrin transport ranged from 9 to 
373 grams/day throughout the sampling period with November, 1978 not being 
included (Table A-7), and averaged 60 grams/day (Table 8). Mean monthly 
dieldrin transport showed high amounts in April, June, and July of 1978, 
corresponding to high water flow in the river (Figure 11). The amount of 
dieldrin transport was highly correlated with water flow (r=0.76, p=0.0001) 
and to total dieldrin concentration (r=0.69, p = 0.0001) in the river. 
Mean monthly amounts attributed to suspended fraction ranged from 7 to 
83 grams/day and contained between 36% and 81% of the total monthly trans­
port, Amounts of pp'-DDE transport into the reservoir by suspended 
material ranged from 0 to 1,296 grams/day throughout the sangling period 
Table 8, Calculated dieldrin and pp'-DD£ transport into Saylorviile 
Reservoir from September, 1977 through October, 1978^ 
Date Streamflow into Concentration of Concentration of 
Saylorviile suspended solids dieldrin at Station 
Reservoir V at Station 1 [S] [P]„ [^Isv 
Sample days Full month mg/i Dissolved Suspended 
ng/1 ng/1 
1977 
September 2197 2057 105 6 8 
October 2202 2183 68 4 8 
November 2601 2574 79 4 4 
December 2471 2536 12 2 1 
1978 
January 1899 1948 6 1 1 
February 1815 1825 24 1 2 
March 4491 3536 144 2 2 
April 4722 4401 795 2 5 
May 3728 3587 93 3 2 
June 4672 4502 196 5 6 
July 5688 5755 256 5 3 
August 2898 2602 173 2 3 
September 3320 3751 282 2 6 
October 2500 2401 55 1 5 
Mean 3229 3118 163 3 4 
^Raw data in Table A-7. 
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Calculated dieldrin Concentration of Calculated pp'-DDE 
transport into pp'-DDE at Station 1 transport into 
Saylorville Reservoir [P]sv Saylorville Reservoir 
Dissolved Suspended Total Suspended grams/day 
grams/day grams/day grams/day ng/1 
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Figure 11.. Riverflow and dieldrin transport into Saylorville Reservoir from September, 1977 
through November, 1978 
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(Table A-7), with an overall mean of 65 grams/day (Table 8). pp* -DDE 
followed a similar seasonal pattern as did dieldrin with high levels 
occurring in June (Figure 12). Again, correlations between the amount 
of pp'-DDE transport and both water flow (r=0,44, p=0,001) and pp'-DDE 
concentration (r=0.89, p-=0.0001) in the river were evident. 
Amounts of dieldrin and pp'-DDE carried out of the reservoir by-
outflowing water during the sampling period were estimated utilizing the 
following equation: 
lOrciOnO 
Total (3) 
dt dt 
where [P]^ = concentration of pesticide at Station 3 in dissolved 
fraction in ng of pesticide/liter of water 
[P]s = concentration of pesticide at Station 3 in suspended 
fraction in ng of pesticide/mg of suspended solids 
[S] = concentration of suspended solids at Station 3 in 
mg/liter of water 
V = volume of outflowing water in cfs 
o = output 
t = time 
As explained in equation (1), equation (3) becomes: 
Total = , d([P]SvV°) 
— * — 
where [P]gy = concentration of pesticide at Station 3 in suspended 
fraction in ng of pesticide/liter of water. 
Figure 12, Riverflow and pp'-DDE transport into Saylorville Reservoir f;:om September, 1977 
through November, 1978 
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Total dieldrin export ranged from less than 2 to 133 grams/day (Table A-8) 
and averaged 21 grams/day (Table 9). The highest output occurred in July 
with a monthly mean of 80 grams/day. Mean monthly amounts carried by 
suspended material ranged from 1 to 16 grams/day and contained between 
14% and 677. of the total monthly xport. 
The average amount of dieldrin deposited within the reservoir 
during the sampling period was estimated at 39 grams/day (Table 10), of 
which 727. was carried by suspended material, and ranged from -14 to 319 
grams/day (Table A-9). The highest monthly deposited amount (105 grams/ 
day) occurred in June. On the basis of monthly mean deposits, the total 
amount of dieldrin deposited within Saylorville Reservoir from September, 
1977 to October, 1978 was 16 Kg. 
The amounts of pp'-DDE transported out of the reservoir ranged from 
0 to 136 grams/day throughout the sampling period (Table A-8), and averaged 
17 grams/day (Table 9). The highest mean monthly amount (44 grams/day) 
was in June. The estimated amounts of this compound deposited within the 
reservoir were calculated from -12 to 1,160 grams/day (Table A-9), and 
averaged 48 grams/day over the entire sampling period (Table 10). The 
highest monthly amount (316 grams/day) deposited was also in June. 
Negative values occurred on some days because more water was discharged 
from the reservoir than came in, and the concentration of pesticide was 
higher at Station 3 than at Station 1 on those sample days. 
Total amount or pp*-DDE deposited within Saylorville Reservoir 
during the study period was estimated as 20 Kg. 
Table 9. Calculated dieldrin and pp'-DDE transport out of Saylorville 
Reservoir from September, 1977 through October, 1978 
Date Strea'aflow at Concentration of Concentration of 
Saylorville suspended solids dieldrin at Station 3 
V at Station 3 [Pi* [P]sv 
Sançle days Full moùLh [S] Dissolved Suspended 
f£f ngA ng/1 
1977 
September 470 400 35 5 2 
October 1081 901 27 5 3 
November 1048 963 20 2 2 
December 710 740 10 2 1 
1978 
Januairy 351 387 9 1 1 
February 204 209 4 1 2 
March 3277 1861 10 1 2 
April 3360 3369 71 2 2 
May 2332 2147 23 4 2 
June 3172 2776 11 4 1 
July 4580 4269 15 6 1 
August 1304 1090 10 4 1 
September 1849 2287 44 3 1 
October 1035 870 12 2 1 
Mean 1768 1591 21 3 2 
^Raw data in Table A-8. 
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Calculated dieldrin Concentration of Calculated pp'-DDE 
transport out of pp'-DDE at Station 3 transport out of 
Saylorville Reservoir fPlsv Saylorville Reservoir 
Dissolved Suspended Total Suspended grams/day 
grams/day grams/day grams/day ng/1 
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Table 10. Calculated amounts of dieldrin and pp'-DDE deposited within 
Saylorville Reservoir from September, 1977 through November, 
1978 
Date Dieldrin pp'-DDE 
grams/day grams/day 
1977 
September 61 68 
October 46 25 
November 20 16 
December 15 1 
1978 
January 10 10 
February 10 19 
March 27 -2 
April 60 18 
May 18 51 
June 105 316 
July 57 30 
August 26 28 
September 50 15 
October 29 71 
Mean 39 48 
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Bottom Sediment 
Bottom sediment samples were collected within Saylorville Reservoir 
at the Highway no. 17 Bridge and the Polk City Bridge to determine if 
pesticide concentration in bottom sediment varied within the reservoir. 
Dieldrin, heptachlor epoxide, pp'-DDT and its metabolites pp'-DDE and 
pp'-DDD were detected in the samples (Table A-10). During the sampling 
period, dieldrin occurred more frequently and in higher concentrations 
than any other selected insecticide. None of the insecticides differed 
in concentrations between the two locations within the reservoir (p=0.01). 
Mean monthly dieldrin concentrations ranged from 1.0 to 11.6 ppb (parts 
per billion) with an overall mean of 4.1 ppb. pp'-DDE ranged from 0 to 
6.2 ppb with an average of less than 2.0 ppb; pp'-DDD ranged from 0 to 
5.6 ppb with a mean of less than 2.1 ppb; and pp'-DDT ranged from 0 to 
6.7 ppb with an average of less than .1.5 ppb. Only trace amounts of 
heptachlor epoxide were detected (Table 11). All insecticides except 
heptachlor epoxide followed a similar seasonal pattern with high levels 
in June and July. Kellogg (1974) reported a similar seasonal pattern of 
insecticide concentrations in bottom sediment samples collected at Boone 
in 1973. He found the dieldrin concentrations decreased from a high of 
4.*/ ppb in July to a low of less than 0.1 ppb from September to November. 
DDE and DDT were also high in July with 3.6 and 1.3 ppb, respectively. 
Because sampling location and analytical method were different, it is not 
possible to directly compare the insecticide levels reported in these 
two studies. 
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Table 11. Mean monthly concentrations (ppb) of selected insecticides^ 
in bottom sediment within Saylorville Reservoir at Highway*? 
Bridge (H) and Folk City Bridge (P) from September, 1977 to 
November, 1978* 
Date Dieldrin 
H P 
pp'-DDE 
H P 
ppt 
H 
-DDD 
P 
ppi. 
H 
•DDT 
P 
Heptachlor epoxide 
H P 
1977 
September 5.0 
November 2.6 
December 2.2 6.3 
1978 
January 2.3 
March 1.3 
April 2.3 
May 5.0 3.6 1.2 1.9 1.2 1.2 1.6 0 0 0 
June 5.8 11.6 3.0 5.7 3.0 5.2 3.6 2.3 0 0 
July 8.3 4.8 4.0 6.2 5.6 0 6.7 0 0 0 
August 3.8 1.0 0 1.0 <1 2.1 0 1.0 0 41 
September 3.2 2.0 <1 0 1.2 0 1.2 0 0 0 
October 4.3 1.6 <1 1.2 2.4 1.5 0 0 0 0 
November 4.0 2.5 0 3.2 2.0 4.0 <1 <1 <1 <1 
Mean 3.8 4.4 <1.3 2.7 <2.3 2.0 <2.0 <1 <1 <1 
Overall 
mean 4 .1 <2.0 <2. 1 <1. 5 <1 
^Raw data in Table A-10. 
67 
Fish 
Fish were collected at Stations 1 and 2 in October, 1977 and at 
Stations 1, 2, and 3 in April, July, and October, 1978. Unfortunately, 
fish in each length group for all species could not be captured at each 
station each collection date. Whole-body analysis for selected pesti­
cides on available fish was conducted to determine where possible if there 
was a difference in pesticide levels in fish with respect to location, 
time of the year, or species. The herbicides atrazine, alachlor, and 
bladex were not detected in fish samples. Dieldrin and pp'-DDE were 
found in all samples. Heptachlor expoxide, pp'-DDT, and pp'-DDD were 
detected in most samples, Dieldrin usually occurred in greater concentra­
tions than the other insecticides; DDT occurred in lower concentrations 
than its metabolites, pp'-DDE and pp'-DDD. 
Samples of fish were first examined to determine if whole body resi­
dues were related to body length (Tables A-11 to A-17). There was no 
consistent relation between pesticide concentration and body length in 
any species except largemouth bass (r=0.66, p=0.01). Other studies show 
the large variation in pesticide concentrations within body-length groups 
from the Des Moines River (Kellogg, 1974; Bulkley et al., 1976). There­
fore, data on samples of different length for each species except large-
mouth bass were pooled to test differences between location and time of 
the year. 
Dieldrin levels in gizzard shad collected throughout the sampling 
period ranged from 14 to 191 ppb (Table A-11) with an overall mean con­
centration of 113 ppb (Table 12). Shad were not captured at Station 1 
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Table 12, Monthly mean dieldrin, DDT-DDE-DDD, and heptachlor epoxide 
levels (ppb) in whole bodies of gizzard shad collected at 
Stations 1, 2, and 3* 
October April July October Mean 
1977 1978 1978 1 978 
Station Dieldrin 
1 171 112 147 
2 66 119 73 143 96 
3 14 137 113 
Mean 118 119 58 134 113 
DDT-DDE-DDD 
1 24 71 43 
2 20 188 61 54 59 
3 31 69 61 
Mean 22 188 53 64 55 
Heptachlor epoxide 
1 10 16 13 
2 0 10 14 17 10 
3 2 29 21 
Mean 5 10 11 22 14 
%aw data in Table A-11. 
in April and July, 1978 and at Station 3 in October, 1977 and April, 1978, 
Hence, it was difficult to determine spatial and temporal trends of 
pesticide levels in this species. The seasonal trend was best reflected 
in data from fish collected at Station 2 within the reservoir on all four 
sampling dates. The highest mean dieldrin concentration was detected in 
fish collected in October, 1978. The lowest level was found in samples 
collected the previous October. Comparison of dieldrin residue levels 
among fish samples from the three stations on a given sampling date 
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(October, 1978) revealed no statistically significant difference among 
stations. The levels of DDT-DDE-DDD combined (Z DDT) ranged from 8 to 
188 ppb (Table A-12), with an overall mean of 55 ppb (Table 12). At 
Station 2, the highest monthly mean level in shad occurred in April, 
1978. Again, difference in 2 DDT in fish among stations in October, 
1978 was not statistically significant at the 0.01 level. Heptachlor 
epoxide levels ranged from undetectable to 68 ppb (Table A-11), with an 
average of 14 ppb (Table 12). Higher levels occurred in October, 1978. 
But, no significant difference was found among the three stations. 
More complete data were available for river carpsucker and carp. 
Dieldrin levels in river carpsucker ranged from 7 to 197 ppb (Table A-12) 
with an overall mean of 63 ppb (Table 13). No consistent seasonal trend 
was observed among three stations. The highest monthly mean levels oc­
curred in October, 1978 at Station 1 and in April, 1978 at both Stations 
2 and 3. The monthly mean levels of all stations combined were 43, 48, 
86, and 62 ppb for the 4 sampling dates, respectively. Differences with 
respect to time of the year were not statistically significant, however. 
Although total dieldrin concentrations in water samples were significantly 
higher at Station 1 than at Stations 2 and 3, dieldrin residue levels 
in this species were not always consistently higher at Station 1. In fact, 
carpsuckers collected at Station 2 during the 1978 sampling dates con­
tained significantly higher dieldrin concentrations than those collected 
at either Station 1 or Station 3 in the corresponding sampling period 
(F=11.03, p=0.001). 
The levels of 2 DDT in carpsuckers ranged from 10 to 329 ppb (Table 
A-12), with an overall mean of 64 ppb (Table 13). Except those collected 
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Table 13, Monthly mean dieldrin, DDT-DDE-DDD, and heptachlor epoxide 
levels (ppb) in whole bodies of river carpsucker collected 
at Stations 1, 2, and 3^ 
October 
1977 
April 
1978 
July 
1978 
October 
1978 
Mean 
Station Dieldrin 
1 44 34 58 6V 49 
2 39 182 146 100 113 
3 47 25 26 32 
Mean 43 48 86 62 63 
DDT-DDE-DDD 
1 72 52 40 35 50 
2 56 66 61 59 60 
3 220 36 39 93 
Mean 67 104 48 44 64 
Heptachlor epoxide 
1 0 3 7 3 3 
2 0 28 31 12 18 
3 7 6 1 4 
Mean 0 7 17 5 8 
^Raw data in Table A-12. 
at Station 3 in April, 1978 which exhibited higher levels, fish collected 
at all stations contained fairly constant low concentrations over the 
sampling period. The mean residue levels in fish at Stations 1, 2, and 
3 for all 4 sampling datee combined were 50, 60, and 93 ppb, respectively, 
and indicated no statistically significant difference among stations. 
Heptachlor epoxide levels in this species occurred at low levels, and 
ranged from undetectable to 42 ppb throughout the sampling period (Table 
A-12) with an average of 8 ppb (Table 13). A consistent trend over time 
was observed among stations with higher levels occurred in July, 1978. 
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Fish collected at Station 2 in 1978 sampling period exhibited sig­
nificantly higher levels than those collected at Stations 1 and 3 (F= 
20.39, p=0.0001). 
Dieldrin concentrations in carp ranged from 13 to 62 ppb (Table A-13) 
over the sampling period, with an overall mean of 36 ppb (Table 14). 
Differences in dieldrin concentration in this species collected at dif­
ferent times of the year were significant (F=5.79, p=0,01). Fish col­
lected at Station 1 exhibited fairly constant dieldrin concentrations in 
October, 1977 and April and July, 1978 followed by a decrease in October, 
1978, whereas those taken from Stations 2 and 3 had the highest monthly 
mean levels in July. In regard to spatial difference, fish collected in 
October, 1977 and April, 1978 showed lower concentrations downstream, 
whereas those taken in July exhibited similar concentrations at all sta­
tions, and those samples in October showed slightly increased levels down­
stream. Mean dieldrin concentrations at Stations 1, 2, and 3 throughout 
the sampling period were 40, 31, and 35 ppb, respectively (Table 14). No 
significant difference in dieldrin concentrations in this species was 
found among stations. 
Levels of DDT in carp ranged from 12 to 125 ppb (Table A-13) over the 
sampling period, with an average of 42 ppb (Table 14). No consistent 
seasonal trend was found among fish captured at individual stations. At 
Station 1, monthly mean levels in this species decreased from a high of 
64 ppb in October, 1977 to a low level of 29 ppb in October, 1978. However 
fish collected at Stations 2 and 3 exhibited the highest levels of 61 and 
60 ppb, respectively, in October, 1978. The monthly mean concentrations 
of all stations combined for the 4 sampling dates were 44, 39, 39, and 
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Table 14. Monthly mean dieldrin, DDT-DDE-DDD; and heptachlor epoxide 
levels (ppb) in whole bodies of carp collected at Stations 
1, 2 and 3® 
October 
1977 
April 
1978 
July 
1978 
October 
1978 
Mean 
Station Dieldrin 
1 47 48 47 26 40 
2 19 34 46 29 31 
3 24 47 32 35 
Mean 35 35 47 28 36 
DDT-DDE-DDD 
1 64 38 32 29 39 
2 18 46 35 61 43 
3 31 50 60 47 
Mean 44 39 39 47 42 
Heptachlor epoxide 
1 1 4 13 2 5 
2 0 9 9 1 4 
3 7 11 3 7 
Mean <1 7 11 2 5 
^Raw data in Table A-13. 
47 ppb, respectively (Table 14), and also showed no significant difference 
with respect to time of the year. Residue levels in carp also fluctuated 
between stations and no consistent trend was found among stations on 
specific sampling dates. The mean levels in fish at Stations 1, 2, and 
3 were 39, 43, and 47 ppb, respectively, over the sampling period 
(Table 14). Difference among stations was not significant (p=0.01), 
however. 
Heptachlor epoxide was detected in carp at relatively low concen­
trations, and ranged from undetectable to 23 ppb (Tab3 e A-13) with an 
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average of 5 ppb over the sampling period (Table 14). The highest 
monthly mean levels measured occurred in fish collected in July at each 
station, and the seasonal trend was significant (F=16.38, p=0.0001). A 
consistent difference between stations over the sampling period was not 
evident, however. The mean levels at Stations 1, 2, and 3 were 5, 4, 
and 7 ppb, respectively (Table 14), 
Dieldrin levels in channel catfish ranged from 31 to 240 ppb 
(Table A-14) with an average of 114 ppb (Table 15). Catfish samples were 
not available at Station 1 in October, 1977 and April, 1978 and at Station 
3 in April and October, 1978. Hence, comparison of seasonal variations 
could be made only at Station 2. Concentrations increased from October 
to April to July and then decreased by the next October. The mean levels 
in catfish at Station 1, 2, and 3 over the sampling period (67, 136, and 
101 ppb, respectively) were not statistically different. Levels of 2 DDI 
ranged from 16 to 136 ppb (Table A-14), with an overall mean of 67 ppb 
(Table 15). Again, at Station 2 highest monthly mean levels occurred 
in July, 1978. Mean levels at the three stations (70, 62, and 101 ppb) 
were not significantly different (p=0.01). Heptachlor epoxide levels 
ranged from undetectable to 42 ppb (Table A-14) with an average of 
15 ppb (Table 15). At Station 2* the highest level also occurred in 
July, Again, mean levels at the three stations over the sampling period 
were not significantly different. 
White crappie saizq>les were not available at Station 1 in October, 
1977 and April, 1978. Dieldrin levels ranged from 15 to 301 ppb (Table 
A-15) and averaged 60 ppb (Table 16). No consistent seasonal trend was 
observed among stations. The mean concentrations at the three stations 
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Table 15. Monthly mean dieldrin, DOT-DDE-DDD, and heptachlor epoxide 
levels (ppb) in whole bodies of channel catfish collected 
at Stations 1, 2, and 3^ 
October April July October Mean 
1977 1978 1978 1978 
Station Dieldrin 
1 59 79 67 
2 71 158 192 120 136 
3 101 101 
Mean 71 158 122 100 114 
DDT-DDE-DDD 
1 29 132 70 
2 25 79 90 51 62 
3 101 101 
Mean 25 79 65 92 67 
Heptachlor epoxide 
1 12 8 10 
2 0 19 40 14 18 
3 10 10 
Mean 0 19 23 11 15 
^Raw data in Table A-14. 
(45, 50, and 76 ppb) over the sampling period increased downstream and 
were not significantly different (p=0.01). Levels of 2 DDT ranged from 
6 to 72 ppb (Table A-15) with an average of 44 ppb (Table 16). The 
highest monthly mean levels occurred in October, 1978 at each station. 
Mean concentrations at Stations 1, 2, and 3 over the sampling period were 
52, 36, and 50 ppb, respectively. Differences were not statistically 
significant among stations. Heptachlor epoxide concentrations ranged 
from undetectable to a maximum of 19 ppb (Table A-15) with an overall 
mean of 6 ppb (Table 16). The highest monthly mean levels occurred in 
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Table 16. Monthly mean dieldrin, DDT-DDE-DDD, and heptachlor epoxide 
levels (ppb) in whole bodies of white crappie collected at 
Stations 1, 2, and 3^ 
October April July October Mean 
1977 1978 1978 1978 
Station Dieldrin 
1 53 29 45 
2 39 21 58 88 50 
3 94 55 63 76 
Mean 39 86 56 61 60 
DDT -DDE-DDD 
1 49 59 52 
2 17 37 47 71 36 
3 49 44 63 50 
Mean 17 47 46 64 44 
Heptachlor epoxide 
1 7 1 5 
2 0 5 7 6 4 
3 8 10 5 8 
Mean 0 8 10 5 6 
^Raw data in Table A-15. 
July, 1978 in crappie at each station. No distinct spatial trend was 
evident. 
Dieldrin levels in largemouth bass ranged from 15 to 182 ppb (Table 
A-16), with an overall mean of 58 ppb (Table 17). Mean concentrations in 
bass over the sampling period decreased from Station 1 to Station 3 if 
size of fish were ignored. However, inasmuch as all samples did not con­
tain fish of equal length and dieldrin concentration was related sig­
nificantly to length, as mentioned earlier, the effect of length had to 
be removed before comparisons between stations were valid. Residuals 
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Table 17. Monthly mean dieldrin, DDT-DDE-DDD, and heptachlor epoxide 
levels (ppb) in whole bodies of largemouth bass collected 
at Stations 1, 2, and 
October 
1977 
April July 
1978 1978 
October 
1978 
Mean 
Station Dieldrin 
1 50 43 81 65 
2 37 73 50 65 55 
3 49 49 
Mean 40 73 47 74 58 
DDT-DDE-DDD 
1 84 64 82 76 
2 14 55 69 70 55 
3 72 72 
Mean 31 56 68 77 64 
Heptachlor epoxide 
1 2 8 7 7 
2 0 12 8 7 6 
3 9 9 
Mean < 1 12 8 7 7 
^Raw data in Table A-16. 
obtained by determining the difference between measured dieldrin con­
centration and calculated concentration based on the regression formula 
of body length versus dieldrin (Dieldrin (ppb) -44.01 + 0.43 total body 
length) were used to compare stations. Resituais for stations 1, 2, and 
3 were 81, 82, and 59 ppb, respectively. Hence, bass of similar length 
above the reservoir and within the reservoir had similar concentrations 
of dieldrin. The single sample from below the reservoir was insufficient 
for comparison. Since at Station 3, only the July sample was available, 
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any seasonal differences could not be determined at this station 
Residuals for Stations 1 and 2 on sample dates were as follows: 
October 
1977 
April July 
1978 1978 
October 
1978 
Station 1 92 59 92 
Station 2 72 119 68 90 
Data from Station 2 suggested that dieldrin concentrations in bass of 
similar length were greatest in April, but the values for the four 
dates were not statistically different by analysis of variance (p=0.01). 
Levels of 2 DDT in bass ranged from 7 to 109 (Table A-16), with an 
average of 64 ppb (Table 17). At Station 2, the monthly mean levels in­
creased from a low of 14 ppb in October, 1977 to a high of 70 ppb in 
October, 1978. The mean levels at Stations 1, 2, and 3 over the sampling 
period were 76, 55, and 72 ppb, respectively. No significant difference 
in residue levels was found among stations, h^ptachlor epoxide levels 
were mostly less than 10 ppb in this species, and ranged from undetectable 
to 23 ppb (Table A-16) and averaged 7 ppb (Table 17). Difference among 
stations over the sampling period was not significant. 
Because complete data were not available at every station, comparisons 
of insecticide residue levels in walleye samples among stations or between 
different times of the year were not possible. Walleye contained rela­
tively low dieldrin levels which ranged from 7 to 74 ppb (Table A-17) 
with an overall mean of 28 ppb (Table 18), but exhibited relatively high 
Z DDT levels which ranged from 7 to 228 ppb (Table A-17) with an average 
of 76 ppb (Table 18). Heptachlor epoxide occurred at very low levels, 
and ranged from undetectable to 32 ppb (Table A-17) with an overall mean 
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Table 18. Monthly mean dieldrin, DDT-DDE-DDD, and heptachlor epoxide 
levels (ppb) in whole bodies of walleye collected at 
Stations 1, 2, and 3 ^ 
October April July October Mean 
197/ 1978 1973 1978 
Station Dieldrin 
1 11 31 15 22 
2 20 42 62 36 
3 33 33 
Mean 17 42 37 15 28 
DDT-DDE-DDD 
1 100 101 119 107 
2 8 30 55 25 
3 92 92 
Mean 39 30 91 119 76 
Heptachlor epoxide 
1 0 3 0 1 
2 0 5 6 3 
3 2 2 
Mean 0 5 3 0 2 
^aw data in Table A-17, 
of 2 ppb only (Table 18), 
In general, concentration of insecticides from water to fish was 
evident. Fish accumulated insecticides in their bodies to levels much 
higher than those in surrounding water. The magnitudes were in the 
range of 10^ and 10^, Insecticides such as pp'-DDT, pp'-DDD, and hep­
tachlor epoxide were not detected in the water, but were found in fish 
tissues well above the detectable levels. However, pesticide residue 
levels in fish in the Des Moines River did not consistently reflect the 
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concentrations of pesticides in the water. No consistent trends of 
pesticide levels in fish were found with respect to either time of the 
year or location in relation to the reservoir. Only river carpsucker 
collected within the reservoir accumulated significantly higher levels 
of dieldrin and heptachlor epoxide than those collected from above and 
below the reservoir. 
Comparisons of insecticide residue levels among different species of 
fish within stations did not indicate classical biomagnification of pesti­
cides, Fish such as gizzard shad at the lowest trophic level had dieldrin 
levels as high as or higher than fish such as white crappie, largemouth 
bass, and walleye which are at the highest trophic level (Figure 13), 
Fish collected at Station 1 showed a relation between 2 DDT concentration 
and trophic level, whereas those collected at Stations 2 and 3 did not 
(Figure 14), Available fish samples collected in July and October, 1978 
were analyzed for whole-body percentage fat content to determine the 
relation of fat content to accumulation of pesticide residues by fish 
belonging to different trophic levels. Among the fish species analyzed, 
gizzard shad had the highest average percentage fat content (17%), whereas 
walleye had the lowest value (2,0%) (Table 19), A significant positive 
correlation existed between percentage fat content and both dieldrin 
(r=0,56, p=0,0001) and heptachlor epoxide concentrations (r=0,54, p=0,0001) 
in fish bodies (Figure 15), No correlation was found between percentage 
fat content and Z DDT levels. Fat content rather than just trophic level 
of a species appears to be an important factor involved in the accumulation 
of certain insecticides by fish. 
Figure 13. Dleldrin concentrations in 7 species of fish collected at sampling stations 
from October, 1977 to October, 1978 (Number of fish in parentheses) 
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Figure 14. DDT-DLE-DDD concentrations in 7 species of fish collected at sampling stations from 
October, 1977 to October, 1978 (Number of fish in parentheses) 
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Table 19. Average percentage fat content and insecticide levels (ppb) 
in seven species of fish collected in July and October, 
1978* 
Fish species No. of 
, fish 
Mean 
7. fat 
Mean 
dieldrin 
Mean 
2 DDT 
Mean hepta-
chlor epoxide 
Gizzard shad 104 17.0 81 55 14 
River carpsucker 72 5.4 45 39 3 
Carp 91 4.5 35 45 6 
Channel catfish 3 8.5 101 101 10 
White cappie 79 2.7 56 46 8 
Largemouth bass 52 4.0 61 75 8 
Walleye 26 2.0 26 106 2 
^aw data in Table A-18 . 
Figure 15, Relation of insecticide concentration to percentage fat content of seven species 
of fish 
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DISCUSSION AND CONCLUSIONS 
The herbicides atrazine, alachlor, and bladex were detected at rela­
tively higher concentrations during the study period than were the organo-
chlorine insecticides dieldrin, heptachlor epoxide, pp'-BDT, pp'-DDE, 
and pp'-DDD. These higher concentrations resulted from the large quanti­
ties of herbicides applied to control weeds on Iowa cropland and to their 
higher solubility. At 25°C, atrazine, alachlor, and bladex have water 
solubilities of 35, 242, and 171 ppm, respectively (Weed Science Society 
of America, 1974; Weber, 1972). Herbicides commonly occurred at high con­
centrations during the spring and early summer runoff period which was 
directly after their application to the soil (Kennedy, 1978; Hall, 1974; 
Morley, 1977; Richard et al., 1975; Trichell et al., 1968). Runoff water 
acts as the major carrier, transporting herbicides mainly in the aqueous 
phase into river systems. Several studies (Ritter et al., 1974; Hall et al 
1972) reported herbicides such as atrazine and alachlor in higher concentra 
tions on the soil particles of the runoff water than in the water itself. 
Most of the herbicides washed off were associated with the water fraction, 
however, because of the much greater volume of water in comparison to sus­
pended soils (Baker and Johnson, 1977; White £l.» 1967). In my study, 
herbicides were not detected on the suspended particles of the samples but 
in the water itself. Concentrations of atrazine, alachlor, and bladex 
were low in con^arison to those found in other watersheds of Iowa during 
the same time period. For example, Kennedy (1973) reported the highest 
levels of atrazine, alachlor, and bladex detected in the Chariton River, 
Iowa, during the summer of 1978 were 13, 101, and 1.9 ppb, respectively. 
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Water satspLes were collected at fixed time intervals in ny study re­
gardless of climatic conditions. Concentrations of herbicides could there­
fore have been greater shortly after heavy rainfall than those reported. 
Studies by Baker and Johnson (1977) and White et al. (1967) showed that 
greater losses of herbicides resulted when rainfall occurred immediately 
after herbicide application, and the concentration of herbicides in washoff 
was highest during the early stages of runoff. Baker and Johnson (1977) 
reported 10% and 15% losses of alachlor and atrazine, respectively, \Aien 
intense rainstorms occurred within 24 hr of herbicide application, and 
less than 5% losses of both herbicides when rainstorms occurred two weeks 
after application. Thus, the timing of first heavy rainfall relative to 
herbicide application is very important in determining pesticide runoff 
losses. 
Concentrations of herbicides in the river water decreased toward the 
end of the crop growing season and remained very low or undetectable 
throughout the winter and early spring periods. This pattern suggested 
that no carry-over occurred from one year of application to the next. 
Herbicides are known to be much less persistent than organochlorine in­
secticides in the natural environments (Edwards, 1976; Frank, 1972). With 
few exceptions, most herbicides disappear from the aquatic environment in 
a matter of several days or weeks after their application (Brown, 1978; 
Frank, 1972). Because of their high water solubility, high degree of de­
gradation, and minimal adsorption on suspended soil particles and bottom 
sediment, it is unlikely that the three herbicides will accumulate in Saylcc-
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ville Reservoir. A study on Lake Rathbun, Iowa, supports this conclusion 
(Kernady, 1973). 
Fish in the Des Moines River did not accumulate atrazine, alachlor 
or bladex in their tissues. They can eliminate these compounds from 
their bodies at a rate faster than rate of uptake. Rodgers (1970) found 
that green sunfish exposed to the herbicide Simazine at 1.0 and 3.0 ppm 
for 3 weeks accumulated up to 0.95 and 2.29 ppm, respectively of the com­
pound in their bodies, and excreted the compound completely in 7 days. 
Other studies (Cope et al., 1970; Frank, 1972; Walker, 1963; Wojtalik et al. 
1971) also report rapid elimination of herbicides by exposed fish, with 
little or no accumulation of the compounds in fish tissue. 
From current information concerning the toxic levels of herbicides 
to fisl\ maximum concentrations of atrazine (0.001356 ppm), alachlor 
(0.00145 ppm), and bladex (0.00066 ppm) measured in the Des Moines River 
probably did not constitute a direct threat to fish. Minnows (Phoxinus 
phoxinus) were unharmed when subjected to atrazine at a concentration of 
0.5 ppm for 48-hr periods (Vivier and Nisbet, 1965). Fish including 
largemouth bass, bluegills and others, when exposed to herbicides, had 
median tolerance limits at the range of 8-1,888 ppm (Davis and Hardcastle, 
1959). However, the aquatic ecosystem is extremely complicated. Long-
term indirect effect on fish from herbicides at sublethal concentrations 
through influence on other organisms at lower levels in the food chain is 
not well understood. 
Concentrations of the herbicides detected in the Des Moines River 
were much higher in the fall of 1977 than in the fall of 1978. A severe 
drought was experienced in the summer of 1977 ; mean monthly river flows 
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at Stratford in May, June, and July were 561, 177, and 156 cfs, re­
spectively in contrast to long term average monthly flows (10 years, 
from 1968 to 1977) of 3,831, 3,626, and 2,847 cfs (U.S. Geological Survey, 
1969a-1978), Adsorption of pesticides on soil particles increases as the 
soil moisture content decreases (Bailey and White, 1964). Moreover, the 
rates of degradation, volatilization, and bioactivity of pesticides in 
the soils are low under dry conditions (Barlow and Hadaway, 1958; Harris 
and Lichtenstein, 1961). It is possible, therefore, that considerable 
amounts of herbicides applied in late spring of 1977 still remained in 
the soil over the dry summer. Heavy rainfalls that occurred in the fall 
of that year carried the remaining undegraded herbicides in soils into 
the river, and resulted in the higher concentrations of these compounds 
found in the river water that fall. Contrastingly, precipitation in the 
late spring and summer of 1978 was normal and well above that of the 
previous year. Mean monthly river flows at Stratford in May, June, and 
July, 1978, were 1,877, 2,750, and 3,945 cfs, respectively (Personal 
communication, Mr. Robert E. Hansen, hydrologist, U.S. Geological Survey, 
Iowa City, Iowa). Most of the herbicides applied probably disappeared 
from the soils through degradation, evaporation, and washoff by the run­
off water during this period and left little in the soils afterward. 
Consequently, although normal precipitations occurred in the subsequent 
fall (mean monthly river flows at Stratford in August and September were 
938 and 2034 cfs, respectively), very low concentrations of herbicides 
were detected in the river water. 
Among the three herbicides measured in the Des Moines River water in 
the fall of 1977, atrazine was recorded at distinctly higher concentrations 
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than were alachlor and bladex. One explanation is that atrazine carried 
over in the soil more than the other two herbicides during the dry summer 
because of a different degradation rate and affinity for soil particles. 
Experiments by Baker and Johnson (1977) indicated that alachlor and bladex 
had a half-life of 1-3 weeks in soil, whereas atrazine had a half-life 
of 1-2 months. 
Organochlorine insecticides demonstrated a totally different behavior 
from herbicides in the river system. Dieldrin and pp'-DDE occurred at 
very low concentrations but were continuously present over the study 
period. Herbicide levels in the water fluctuated seasonally. The in­
secticides were evidently left over from application in previous years 
because DDT and aldrin (precursor to dieldrin) were banned in Iowa in the 
early 1970's. Some aldrin was applied in very limited amounts the last 
few years before 1978, These compounds also have a very long half-life 
under field conditions. Nash and Woolson (1967) reported that DDT, diel­
drin, and heptachlor had half-lives of 10-20, 8-10, and 2-4 years, re­
spectively, pp'-DDT and pp'-DDD wei& uot detected in the water. Hepta­
chlor epoxide was also not detected in the water although its parent com­
pound heptachlor was applied to farmland in limited amounts the last few 
years. The detection of these insecticides in most fish samples implied 
their existence in the surrounding water, but their concentrations were 
below measureable levels in the water. In a study by Mackay and Leinonen 
(1975) dieldrin had a longer half-life in water than did DDT, In certain 
Iowa watersheds, dieldrin half-life was 4-9 years (Schnoor, 1979). The 
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high persistence of these compounds results from their very low water 
solubility, low degree of degradation, and strong affinity for particular 
matter, 
Dieldrin and pp'-DDE were strongly adsorbed on the suspended sedi­
ment in the Des Moines River water. The adsorption coefficient of diel­
drin between suspended sediment and water was estimated in the range of 
0.2-50 X 10^, These figures include that reported by Schnoor (1979) of 
0.7 X 10^ in Coralville Reservoir, Iowa. Since pp'-DDE was not quanti­
fied in the dissolved fraction of the water, an estimation of the adsorp­
tion coefficient of this compound could not be made. All measured in­
secticides except heptachlor epoxide were also detected in the bottom sedi­
ment of Saylorville Reservoir. It is interesting to note that concen­
trations of the insecticides were much higher in the suspended sediment 
than in bottom sediment within the reservoir. Dieldrin was 6 to 220 times 
higher and pp'-DDE was 19 to 166 times higher in suspended than in bottom 
sediment. Factors such as particle size, organic content, analytical 
method, and degradation extent must be considered vhen making this com­
parison. Particle size was obviously smaller in the suspended sediment 
than in the bottom sediment. Finer particles have larger surface area per 
unit weight, and thus can adsorb higher concentrations of pesticide 
(Hargrave and Phillips, 1974; Pfister et al,, 1969; Richardson and 
Epstein, 1971), Microbial degradation is possibly also more prevalent in 
the bottom of the reservoir than in the overlying water column because of 
microbe dilution in the water column (Hassett acd Lee, 1975), 
Because organochlorine insecticides are very persistent in the aquatic 
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environment and have strong affinity for particulate matter which eventually 
settles down on the bottom of the reservoir, buildup of these compounds 
within the reservoir is very likely to occur. In ny study, an estimated 
16 Kg of dieldrin and 20 Kg of pp'-DDE were deposited within Saylorville 
Reservoir from September, 1977 through October, 1978. These amounts are 
small and insignificant as compared with the amount applied to the crop­
land, and possibly represent the maximum amounts of these compound de­
posited within the reservoir because loss through evaporation and degrada­
tion was not considered. Reservoirs tend to facilitate water evaporation 
because of the large surface area exposed to the atmosphere, and thus, 
enhance the loss of pesticides by this route. Evaporation rates of the 
organochlorine insecticides from the water surface was considered low be­
cause of their low vapor pressures and water solubilities, M ackay and 
Leinonen (1975) reported evaporation rates of 9,34 X 10"^ and 5,33 X 10~^ 
m/hr for DDT and dieldrin, respectively, at 25°C, The large surface area 
of the reservoir also increases the amount of pesticide deposited from 
atmospheric fallout. Considering very limited use of these insecticides 
in Iowa the last few years, it is likely that aerial transport from crop­
land to the reservoir was insignificant. Because no direct measurements 
of both fallout and evaporation were made in the study area, it is diffi­
cult to evaluate the significance of this dynamic flow of insecticides in 
the modeling of organochlorine insecticide buildup within the reservoir. 
Degradation is an important mechanism by whicn pollutants are 
eliminated or reduced from the natural environment. Degradation of 
pesticides is able to occur physically, chemically, and biologically. 
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but is difficult to measure in the natural environment. Analysis of 
bottom sediment collected within Saylorville Reservoir indicated seasonal 
fluctuation of organochlorine insecticides with low levels present in the 
fall, winter, and early spring. Very low concentrations of suspended 
sediment were measured in the river water during these same periods. 
Perhaps insecticides associated with suspended sediment which had been de­
posited on the bottom of the reservoir in previous months had undergone 
degradation. It is not unreasonable to postulate that reservoirs provide 
larger bottom areas upon which pollutants, organic matter, and microbes 
settle and in which an anaerobic environment is created that favors de­
gradation of pesticides such as DDT and lindane but not dieldrin and hepta-
chlor epoxide (Hill and McCarty, 1967). Thus, the deposition of DDT and 
lindane on the bottom sediment is desirable, because it puts them in an 
environment that promotes their degradation. However, when previously de­
posited pesticides are covered by new sediment, their fate in this buried 
state is not well-understood. Are they being further degraded, released to 
the overlying water, or permanently buried in unchanged form? The sig­
nificance of this part in the modeling of pesticide buildup within a 
reservoir is not known and needs to be further researched. 
Accumulation of organochlorine insecticides by fish was evident in 
my study. Concentration factors (ratio of insecticide concentration in 
fish to that in the water) of dieldrin in fish whole bodies were in the 
magnitude of 10^ to 10^. Kellogg (1974) reported similar orders of mag­
nitude of dieldrin accumulated by channel catfish collected on the Des 
Moines River a<" Boone in 1973, Fish collected from the Jordan River 
accumulated DDT 10^ times that in the water (Paz, 1976). Whole body 
rather than muscle or other tissues of fish was analyzed for pesticides 
in ny study because allocation of pesticides in different fish tissues 
varies greatly at different times of the year (Ferguson et al.. 1966; 
Grant and Schoettger, 1972). Reinert and Bergman (1974) observed that 
DDT residues were redistributed in the tissues of fish on their spawning 
run and that this redistribution was closely related to a general decrease 
in the amount of body fat. Goldfish (Carassius auratus) exposed to a 
single sublethal dose of ^^C-aldrin had dieldrin concentrations greatest 
in the visceral fat and least in the muscle tissue (Gakstatter, 1968). 
Whole body of a fish may contain organochlorine insecticides in concentra­
tions several times greater than in muscle tissue. Kellogg (1974) reported 
two times higher dieldrin concentrations in the whole body than in the 
muscle tissue of channel catfish collected on the Des Moines River at Boone. 
In wy study, fish of different species including carp, channel catfish, 
white crappie, largemouth bass, and walleye were collected from the same 
locations on the Des Moines River and their muscle tissue and whole body 
were analyzed for selected pesticides (Tables A-19 to A-23), As a point 
of comparison, whole bodies did not consistently contain higher concentra­
tions of selected insecticides than did the muscle tissue. There were 
some exceptions. For example, carp accumulated greater concentrations of 
dieldrin and total DDT in their muscle than in their whole bodies. How­
ever, over 907, of the fish samples had higher concentrations of dieldrin 
and total DDT residues in their whole bodies than in their muscle tissue, 
and 74% of the samples had higher concentrations of heptachlor epoxide 
residues in their whole bodies (Table A-24). Dieldrin and heptachlor 
96 
epoxide were mostly two to four times higher in the whole bodies, whereas 
total DUT was two to eight times higher. 
Insecticide residues in fish did not consistently reflect the con­
centrations of insecticides in the surrounding river water. Originally, 
it was thought that fish samples collected in July should contain higher 
amounts of insecticides than those collected in April and October because 
in July, two months after crop planting time, the concentrations of in­
secticides in the river water were usually higher than in other months. In 
addition, some workers (Matsumura, 1977; Morley, 1977; Reinert et al., 
1974) have reported that the amount of insecticide residues accumulated 
by fish sometimes increases as water temperature increases. However, no 
consistent seasonal trend of insecticide levels in fish was observed during 
the study period. The probable reason is that concentrations of selected 
insecticides in the river water were so low that fish were able to 
eliminate the compounds as rapidly as they were ingested or absorbed. 
Temperature may affect pesticide accumulation in fish in different 
ways. As mentioned previously, increase in temperature may cause increased 
respiration which exposes the fish to additional pesticide so that a build­
up occurs in the body. In contrast, temperature also affects enzyme ac­
tivity which in turn controls the metabolic breakdown of pesticides in the 
fish. The rate of enzyme activity increases with increasing temperature 
within the range of 0° to 40°C. Water temperature in the Des Moines River 
in July (monthly average 24.5°C) was twice as high as in April (9.3°C) and 
October (12.9°C), 1978 (Baumann et al., 1979). Therefore, it is possible 
that fish collected in July were exposed to higher concentrations of in­
secticides such as dieldrin but did not accumulate higher residue levels in 
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in their body because of higher enzyme activity during warmer months. 
Different species of fish vary greatly in their ability to metabolize 
and eliminate insecticides from their body (Lyman et al., 1968; Matsumura, 
1977), Many factors including length, weight, age, food habit, fat con­
tent, enzyme systems, and trophic level have been considered by researchers 
to be responsible for this species variation (Bulkley et al., 1976; Johnson, 
1973). Differences in pesticide concentration in ny study due to body 
length were not pronounced either among species, as evidenced by the 
high concentrations of pesticides found in gizzard shad which were usually 
the smallest among species, or within species, except largemouth bass. 
Many studies (Paz, 1976; Shannon, 1974) found that pesticide residue 
levels in fish increased with increasing length, weight, and age. In con­
trast; other studies (Lyman et al., 1968; Murphy, 1971) indicated no 
positive relationship at all. Some researchers explained the species 
variation as a matter of trophic level. Organisms at the higher trophic 
level feed upon organisms at the lower trophic levels and accumulate more 
pesticides in their bodies than do their prey (biomagnification). In my 
study, the herbivorous gizzard shad, being located at a lower trophic 
level, accumulated higher concentrations of dieldrin and heptachlor epoxide 
in their bodies than did piscivorous species such as walleye, largemouth 
bass, and white crappie. 
Fat content of fish seems to be an important factor in explaining the 
species variation in try study. Gizzard shad and channel catfish had higher 
percentage of fat in their body and also accumulated higher concentrations 
of dieldrin and heptachlor epoxide. Organochlorine insecticides are known 
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to be highly lipid-soluble and partition rapidly into animal tissue 
(Fronaa and Hunter, 1969; Premdas and Anderson, 1963). Good correlations 
between fat content and insecticide residue concentration have been ob­
served in many fish species (Anderson and Everhart, 1966; Earnest and 
Benville, 1971; Reinert, 1970; Reinert and Bergman, 1974). 
All seven fish species except river carpsucker collected above, with­
in, and below the reservoir exhibited no significantly spatial difference 
in insecticide residue levels. River carpsucker collected within the 
reservoir accumulated higher concentrations of dieldrin and heptachlor 
epoxide than did those sampled above and below the reservoir. Although 
the total concentrations of dieldrin in the river water above the reservoir 
were significantly higher than those within and below the reservoir, the 
fish collected from those locations did not reflect this spatial differ­
ence in dieldrin concentrations in their bodies. A possible reason that 
fish did not reflect the spatial difference in dieldrin levels in their 
bodies is that they were able to absorb only dieldrin dissolved in water. 
Average concentrations of dieldrin detected in the aqueous phase of the 
river water were similar at all three locations over the study period. 
Higher concentrations of dieldrin detected above the reservoir were due to 
the portion that was adsorbed onto the suspended sediment of the water. 
The adsorbed portion would be less available to fish. Another possible 
reason, which was previously mentioned, is that the insecticide concentra­
tions in the river water were so low at all three stations that fish were 
capable of metabolizing and eliminating the compounds and thus showed no 
significant difference in trace amounts of insecticides left in the body. 
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Water velocity is one of the factors involved in determining the 
influence of impounding a river on pesticide concentrations in fish. 
Water currents above and below the reservoir were higher in general than 
those within the reservoir (Baumann et al., 1979). Fish located in a 
current would spend more energy in maintaining their positions than those 
in still water. Greater energy needs increase breathing rate. Conse­
quently, water passing through the respiratory tract more frequently re­
sults in higher exposure of fish to the pesticides dissolved in the water. 
Therefore, it is possible that fish residing above and below the reservoir 
would accumulate higher pesticide residue levels in their bodies than 
those inhabiting the reservoir, provided that the concentrations of pesti­
cides in the water and other conditions were similar. Since no spatial 
difference in pesticide residue levels in fish was demonstrated in my 
study, the effect of this factor on accumulation of pesticides by fish was 
not shown. 
One explanation for lack of difference in pesticide concentrations in 
fish above, within, and below the reservoir may have been the short re­
tention time for water in Saylorville Reservoir. Water passed through 
the reservoir in less than 30 days because the reservoir was not full. 
During the study period, water levels were very low in the reservoir 
(Table A-25). Hence, perhaps the water was not retained in the reservoir 
long enough for degradation and other changes to occur. In contrast, in 
the spring of 1979, heavy precipitation filled the reservoir to flood 
storage capacity. The effect of retention time in the reservoir on pesti­
cide dynamics is not well-known and should be further examined. 
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In conclusion, based on the information obtained in ny study, the 
construction of Saylorville Dam had no effect on the pesticide accumula­
tion by fish in the Des Moines River above, within, and below the 
Saylorville Reservoir, but pesticide buildup in bottom sediment within 
the reservoir has undoubtedly occurred. Klaasen and Kadoum (1975) on 
T-:ttle Creek Reservoir, Kansas also found no discernible insecticide 
residue pattern in regard to time of the year or location of the reservoir; 
classical biomagnification of insecticides was not noticeable in the fish. 
If pesticide concentrations in the Des Moines River were to again become 
as high as in certain past years, the results might be different. The 
fate of the organochlorine pesticides now being deposited in the bottom of 
the reservoir is also not known, but should be determined through examina­
tion of core samples. 
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Table A-1. Atrazine levels (pptr) in Des Moines River water, 1977-1978 
Date Station 1 Station 2 Station 3 
Surface Mid-depth Bottom 
1977 
September 6 891 1110 - - 293 
13 336 378 404 287 1000 
20 227 273 - - 327 
27 1144 185 - 186 579 
October 4 231 903 386 673 
11 684 420 - 267 402 
25 75 35 - 18 145 
November 1 30 83 51 43 56 
8 20 17 - 16 56 
16 16 6 15 23 34 
22 22 19 - 20 36 
29 16 21 - 13 35 
December 6 24 • 37 35 28 
13 10 83 78 17 73 
27 44 12 76 34 99 
1978 
January 12 28 <10 13 32 17 
18 44 36 16 13 39 
31 15 34 86 15 32 
February 14 31 25 46 53 13 
28 <10 <10 <10 <10 <10 
March 16 30 70 55 <10 <10 
21 20 30 20 35 20 
April 4 44 33 - 74 51 
11 38 54 - - 36 
18 44 73 - 31 50 
25 60 50 - 70 90 
May 2 55 55 - 80 90 
9 317 222 61 117 106 
16 1356 416 244 386 A16 
24 819 1000 763 937 350 
31 644 689 700 512 533 
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Table A-1. (Continued) 
Date Station 1 Station 2 Station 3 
Surface Mid-depth Bottom 
1978 
June 5 778 867 1078 1167 833 
13 457 813 271 932 932 
20 309 443 344 256 303 
27 418 639 598 582 680 
July 5 612 612 642 538 
10 338 423 430 442 335 
18 231 358 450 273 269 
25 288 373 296 338 310 
August 1 197 150 241 229 241 
8 179 206 118 179 97 
15 109 109 150 59 135 
22 - - 268 219 202 
29 272 228 114 116 269 
September 5 189 208 212 113 210 
13 163 118 80 110 196 
20 52 38 - - 108 
26 57 52 38 71 85 
October 3 31 57 89 76 79 
10 22 91 95 83 101 
24 28 79 0 64 80 
November 7 20 43 74 51 44 
29 26 71 58 71 55 
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Table A-2. Alachlor levels (pptr) in Des Moines River water, 1977-1978 
Date Station 1 
Surface 
Station 2 
Mid-depth Bottom 
Statioi 
1977 
September 6 136 204 - - 55 
13 31 60 91 37 111 
20 104 227 - - 249 
27 812 32 - 41 53 
October 4 31 66 46 86 
11 34 19 - 24 20 
25 15 25 - 13 17 
November 1 18 19 30 17 15 
8 82 61 - 151 148 
16 5 34 9 5 39 
22 12 13 - 13 11 
29 3 5 - 5 6 
December 6 3 5 2 2 
13 5 7 5 6 7 
27 0 0 0 0 0 
1978 
January 12 0 0 0 0 0 
18 0 0 0 0 0 
31 0 0 0 0 0 
February 14 0 0 0 0 0 
28 0 0 0 0 0 
March 16 0 0 0 0 0 
21 0 0 0 0 0 
April 4 0 0 _ 0 0 
11 0 0 - - 0 
18 0 0 - 0 0 
25 0 0 - 0 0 
May 2 0 0 - 0 0 
9 123 14 14 10 18 
16 169 74 52 68 25 
24 119 143 137 158 71 
31 155 120 123 98 102 
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Table A-2. (Continued) 
Date Station 1 Station 2 Station 3 
Surface Mid-depth Bottom 
1978 
June 5 1450 102 123 144 112 
13 82 440 241 493 326 
20 1113 271 308 410 316 
27 620 1125 750 512 725 
July 5 718 664 626 626 
10 423 3S5 316 379 291 
18 99 113 128 116 105 
25 55 108 100 180 90 
August 1 38 66 60 67 66 
8 5 43 45 37 26 
15 5 26 32 26 26 
22 - - 36 15 17 
29 45 9 6 5 7 
September 5 3 10 8 6 10 
13 28 3 8 3 8 
20 16 22 - - 10 
26 8 8 6 10 13 
October 3 0 0 0 0 0 
10 0 0 0 0 0 
24 0 0 0 0 0 
November 7 0 0 0 0 0 
29 0 0 0 0 0 
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Table A-3. Bladex levels (pptr) in Des Moines River water, 1977-1978 
Date Station 1 
Surface 
Station 2 
Mid-depth Bottom 
Statioi 
1977 
September 6 53 90 - - 88 
13 60 248 263 124 381 
20 14 56 - - 83 
27 56 20 - 52 0 
October 4 47 57 _ 28 224 
11 26 61 - 61 144 
25 19 36 - 31 86 
November 1 23 76 77 26 85 
8 24 21 - 26 43 
16 9 13 16 30 43 
22 12 13 - 28 34 
29 30 21 - 22 60 
December 6 16 47 27 17 
13 25 40 42 39 43 
27 0 0 0 0 0 
1978 
January 12 0 0 0 0 0 
18 0 0 0 0 0 
31 0 0 0 0 0 
February 14 0 0 0 0 0 
28 0 0 0 0 0 
March 16 0 0 0 0 0 
21 0 0 0 0 0 
April 4 0 0 - 0 0 
11 0 0 - - 0 
18 0 0 - 0 0 
25 0 0 - 0 0 
May 2 0 0 - 0 0 
9 108 87 65 97 87 
16 217 152 130 117 76 
24 111 61 144 161 94 
31 109 152 125 98 98 
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Table A-3. (Continued) 
Date Station 1 Station 2 Station 3 
Surface Mid-depth Bottom 
1978 
June 5 315 152 165 239 185 
13 210 560 190 660 640 
20 329 373 360 333 444 
27 218 355 118 172 560 
July 5 420 660 480 520 
10 500 420 460 440 360 
18 240 140 150 150 200 
25 180 240 160 160 300 
August 1 202 309 374 232 309 
8 119 214 202 190 131 
15 14 107 83 77 143 
22 - - 132 136 123 
29 109 114 67 67 53 
September 5 29 52 59 31 40 
13 36 43 67 48 26 
20 36 38 - - 48 
26 24 24 21 36 38 
October 3 33 35 39 48 47 
10 13 29 23 21 19 
24 36 15 0 13 17 
November 7 0 7 5 4 3 
29 4 6 6 7 6 
Table A-4. Dieldrin levels (pptr) in Des Moines River water, 1977-1978 
Date Station 1 Station 2 Station 3 
Dis.* Sua.b Total Surface Mid-depth Bottom 2 Dis. Sus. Total 
Dis. Sus. Total Dis. Sus, Total Dis. Sus, Total 
1977 
Sept. 6 14 19 33 0 <1 <1 - - - - - - 6 <1 7 
13 3 <1 4 5 2 7 6 2 8 3 27 30 8 2 10 
20 3 9 12 4 3 7 - - - - - - 5 2 7 
27 4 5 9 3 2 5 - - - 5 2 7 3 2 5 
Oct. 4 7 11 18 3 3 6 - - - 4 3 7 10 <1 11 
11 3 8 11 2 13 15 - - - 8 12 20 3 5 8 
25 3 5 8 1 5 6 - - - 1 3 4 2 2 4 
Nov. 1 3 3 6 1 <1 2 3 3 6 2 6 8 3 4 7 
8 1 9 10 1 9 10 - - - 2 3 5 2 3 5 
16 J 6 7 2 7 9 1 6 7 1 4 5 2 3 5 
22 1 <1 2 1 2 3 - - - 2 <1 3 1 <1 2 
29 1 <1 2 1 1 2 - - - 1 <1 2 4 <1 5 
Dec. 6 1 <1 2 - - - 2 1 3 1 2 3 1 1 2 
13 3 2 5 2 <1 3 3 2 5 3 1 4 2 2 4 
27 2 1 3 1 cl 2 3 2 5 1 1 2 2 <1 3 
1978 
Jan. 12 1 <1 2 0 <1 1 <1 <1 2 <1 1 2 <1 1 2 
18 1 2 3 1 I 2 1 1 2 1 2 3 1 <1 2 
Fob. 14 1 2 3 1 3 4 1 3 4 2 1 3 1 3 4 
28 <1 2 3 <1 2 3 <1 1 2 <1 2 3 <1 2 3 
March 16 2 2 4 1 2 3 1 2 3 <1 2 3 <1 2 3 
21 2 3 5 1 3 4 <1 1 2 1 2 3 <1 2 3 
®Dis. means dissolved, here and throughout. 
^Sus. means suspended, here and throughout. 
Table A-4. (Continued) 
Date Station 1 Station 2 Station 3 
Dis. Sus. Total Surface Mid-depth Bottom Dis, Sus, Total 
Dis, Sus, Total Dis , Sus. Total Dis . Sus, Total 
April 4 2 2 4 2 1 3 - - - 2 2 4 1 2 3 
11 2 4 6 1 3 4 - - - - - - 2 3 5 
18 3 12 15 1 3 4 - - 1 2 3 1 2 3 
25 2 1 3 2 1 3 - - " 2 2 4 3 1 4 
May 2 2 2 4 2 2 4 - - - 2 2 4 3 1 4 
9 3 2 5 4 2 6 4 2 6 6 4 10 3 1 4 
16 5 1 6 6 3 9 4 2 6 4 2 6 5 2 7 
24 3 4 7 3 3 6 4 3 7 6 4 10 6 3 9 
31 4 2 6 3 1 4 4 2 6 4 1 5 4 5 
June 5 5 3 6 4 <1 5 4 1 5 6 1 7 5 1 6 
13 2 2 4 5 <1 6 4 1 5 0 1 1 4 1 5 
20 7 12 19 5 1 6 5 2 7 3 1 4 2 4 
27 5 5 10 5 1 6 0 2 2 0 2 2 6 1 7 
July 5 - - - 6 2 8 7 2 9 6 2 8 6 8 
11 7 4 11 7 <1 8 6 <1 7 7 <1 8 6 1 7 
18 5 2 7 6 1 7 6 <1 7 6 1 7 6 1 7 
25 4 3 7 8 <1 9 6 <1 7 6 1 7 6 1 7 
Aug. 1 3 3 6 4 <1 5 4 <1 5 5 <1 6 5 1 6 
8 2 4 6 5 <1 6 5 <1 6 5 1 6 2 <1 3 
15 1 3 4 5 <1 6 5 <1 6 4 1 5 4 1 5 
22 - - - -* - - 3 <1 4 4 <1 5 4 <1 5 
29 4 3 7 6 1 7 3 1 4 4 1 5 3 1 4 
Sept, 5 1 9 10 2 1 3 2 <1 3 2 1 3 3 <1 4 
13 3 10 13 2 ^1 3 2 <1 3 3 <1 4 2 4 
20 4 4 8 3 <1 4 - 3 4 
26 2 2 4 2 <1 3 2 4.1 3 2 1 3 3 <1 4 
Table A-4. (Continued) 
Date Station 1 Station 2 Station 3 
Dis, Sus. Total Surface Mld-depth Bottom Dis, Sus, Total 
Dis, Sus, Total Dis, Sus, Total Dis, Sus, Total 
1978 
Oct, 3 3 10 13 3 <1 4 4 1 5 4 <l 5 2 <1 3 
10 0 2 2 2 <1 3 2 1 3 4 <1 J 3 1 4 
24 0 2 2 3 <1 4 0 1 <1 0 1 1 2 <1 3 
Nov, 7 1 2 3 1 <1 2 2 1 3 1 < 1 2 1 <1 2 
29 1 0 1 1 0 1 2 1 3 0 0 0 1 <1 2 
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Table A-5. Mean monthly concentrations (mg/1) of suspended solids in 
Des Moines River water, 1977-1978* 
Date Station 1 Station 2 Station 3 
1977 
September 106 35 48 
October 68 27 20 
November 79 22 27 
December 12 13 13 
1978 
January 6 15 8 
February 24 4 6 
March 144 7 27 
April 795 70 57 
May 93 22 15 
June 196 18 20 
July 256 21 37 
August 173 12 25 
September 334 4l 42 
October 55 11 22 
November^ 27 15 23 
^Data from Baumann et al., 1979. 
^Data from Baumann et al., 1978. 
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Table A-6. pp»-DDE levels (pptr) in suspended sediment of Des Moines 
River water, 1977-1978 
Date Station 1 
Surface 
Station 2 
Mid-depth Bottom 
Static 
1977 
September 6 11 13 - - 132 
13 35 10 13 2 9 
20 <1 5 - - 4 
27 8 4 - 4 14 
Oc tober 4 13 13 13 6 
11 10 25 - 22 23 
18 2 3 - 3 3 
25 4 2 - 2 <1 
November 1 4 <1 2 5 4 
8 5 6 - 3 2 
16 8 5 8 5 8 
22 2 6 - <1 2 
29 1 2 - 2 <1 
December A 2 • 4 2 6 
13 2 2 0 9 8 
27 1 2 3 2 3 
1978 
January 12 0 <1 <1 4 3 
18 5 0 0 3 0 
February 14 6 7 6 3 7 
28 4 4 2 3 3 
March 16 2 3 5 4 3 
21 4 4 4 4 5 
April 4 3 3 - 5 4 
11 4 6 - - 5 
18 6 8 - 8 3 
25 2 2 - 2 2 
May 2 5 3 3 3 
9 5 .2 6 9 3 
16 6 5 5 5 3 
24 15 5 5 A 3 
31 8 2 3 3 3 
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Table A-6. (Continued) 
Date Station 1 Station 2 Station 3 
Suriace Mid-drpth Bottom 
1978 
June 5 3 2 2 3 2 
13 13 <1 1 <1 <1 
20 66 8 2 2 10 
27 3 2 4 3 3 
July 5 - 0 3 3 4 
11 2 1 1 1 2 
18 8 2 2 3 2 
25 3 2 2 4 2 
August 1 6 2 1 2 2 
8 3 0 2 1 
15 4 2 <1 3 3 
22 - - 0 0 
29 5 0 <1 1 <1 
September 5 4 2 1 2 <1 
13 5 2 1 3 5 
20 4 2 - 2 
26 1 2 1 3 4 
October 3 0 <1 1 2 3 
10 9 1 <1 5 
24 33 <1 <1 2 1 
November 7 21 1 2 2 3 
29 < 1 4 6 0 6 
Table A-7. Estimated amounts of dieldrin and pp'-DDE transport Into Saylorvllle Reservoir, 1977-
1978 
Mean dally river 
Date flow, cfs 
Into Sayior-
Conc, of suspended Pesticide conc, 
At Strat 
fordb 
solids at Sta. 1 
mg/1 " 
at Sta. 1, pptr 
ville Res, 
Dieldrin pp*-DDE 
Dis, Sus, 
Estimated pesticide trans­
port into Saylorvllle Res. 
grams/day 
Dieldrin 
Dis, Sus. 
pp•-DDE 
1977 
Sep. 6 254 1885 94 14 19 11 64 88 51 
13 1230 2905 - 3 <1 35 21 7 249 
20 222 1852 117 3 9 1 14 40 4 
17 499 2142 - 4 5 8 21 26 42 
Oct. 4 394 2032 82 7 11 13 35 54 65 
11 706 2359 - 3 8 10 17 46 58 
25 568 2214 54 3 5 4 16 27 22 
Nov, 1 1140 2814 168 3 3 4 20 20 27 
8 755 2410 - 1 9 5 6 53 29 
16 1130 2804 50 1 6 8 7 41 55 
22 852 2512 - 1 <1 2 6 6 12 
29 810 2468 20 1 < 1 1 6 6 6 
Dec, 6 1010 2678 — — I < 1 2 7 6 13 
13 8X0 2468 8 3 2 2 18 12 12 
27 620 2269 16 2 1 1 11 6 5 
®Baumann et al., 1979. 
^U.S, Geological Survey, 1978, 
''Values are estimated according to the following equation; Y=1619 + 1.048 X . 
Table A-7. (Cp.i inued) 
Date 
Mean daily river 
tlo^ cfs 
At Strat- Into Saylor-
ford ville Res. 
Conc, of suspended 
solids at Sta. 1 
mg/l 
1978" 
Jan, 12 305 1939 
18 275 1907 
31 220 1850 
Feb. 14 195 1829 
28 180 1808 
5 
6 
6 
36 
12 
Pesticide conc. 
at Sta. 1, pptr 
Dleldrin pp'-DDE 
Dis. Sus. 
1 
1 
1 
1 
< 1  
< 1  
2 
2 
2 
2 
0 
5 
6 
4 
Estimated pesticide trans­
port into Saylorville Res. 
grams/day 
Dieldrin pp'-DDE 
Dis. Sus. 
5 
5 
4 
4 
4 
4 
9 
9 
9 
9 
0 
23 
27 
18 
Mar. 16 1380 3066 28 2 2 2 15 15 15 
4100 5917 260 2 3 4 29 43 58 
Apr. 4 1990 3705 111 2 2 3 18 18 27 
11 2510 4250 - 2 4 4 21 41 41 
18 4320 6148 1480 3 12 6 45 181 90 
25 3020 4785 - 2 1 2 23 12 23 
May 2 2210 3936 60 2 2 5 19 19 48 
9 2190 3915 - 3 2 5 29 19 48 
16 2150 3873 - 5', 1 6 47 10 57 
24 1440 3128 105 3 4 15 23 30 115 
31 2070 3789 114 4 2 8 37 19 74 
June 5 1990 3705 - 5 3 3 45 27 27 
13 921 2584 103 2 2 13 12 12 82 
20 6110 8034 - 7 12 66 137 236 1296 
27 2970 4732 289 5 5 3 58 58 35 
July 11 7100 9062 307 7 4 2 155 89 44 
18 2210 3936 205 5 2 8 48 19 77 
25 4050 5865 - 4 3 3 57 43 43 
Table A-7, (Continued) 
Mean daily river Cone, of suspended Pesticide conc. Estimated pesticide trans-
Date flow, cfs solids at Sta, 1 at S ta. 1, pptr port into Saylorville Res, 
At Strat- Into Saylor- mg/1 Dieldrin pp'-DDE grams/day 
ford ville Res. Dis. Sus. Dieldrin pp'-DDE 
Dis, Sus. 
Aug. 1 1870 3579 » 3 3 6 26 26 52 
8 878 2539 75 2 4 3 12 25 19 
15 564 2210 - 1 3 4 6 16 22 
29 1380 3066 198 4 3 5 30 22 37 
Sep, 5 542 2187 • 1 9 4 5 48 21 
13 1000 2667 - 3 10 5 20 65 33 
20 3070 4837 437 4 4 4 48 48 • 47 
26 1880 3)90 128 2 2 1 18 18 9 
Oct. 3 1080^ 2751 • 3 10 0 20 67 0 
10 834° 2493 54 0 2 9 0 12 55 
24 605^ 2253 56 0 2 33 0 11 182 
^Personal communication, Mr. Robert E. Hansen, hydrologist, U.S. Geological Survey, Iowa 
City, Iowa. 
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Table A-8, Estimated amounts of dieldrin and pp'-DDE transport out of 
Saylorville Reservoir, 1977-1978 
Date Mean daily river Pesticide concentration Estimated pesticide 
flow at Saylor- at Station 3, pptr transport out of Say-
ville, cfs^ Dieldrin pp'-DDE lorville Reservoir 
Dis. Sus. grams/day 
Dieldrin pp'-DDE 
Dis. Sus. 
1977 
Sept. 6 87 6 <.1 132 1.3 0.2 28 
13 748 8 2 9 15 4 17 
20 299 5 2 4 4 1 2.9 
27 748 3 2 14 5 4 26 
Oct. 4 984 10 <1 6 24 2 14 
11 948 3 5 23 7 11 53 
25 1310 2 2 1 6.5 6.5 3.2 
Nov. 1 2220 3 4 4 16 2.2 22 
8 1070 2 3 2 5.2 7.8 5,2 
16 930 2 3 8 4.4 6.6 18 
22 876 1 <1 2 2.1 2.1 4.3 
29 144 4 <1 1 1.4 0.4 0.3 
Dec. 6 780 1 1 6 1.9 1.9 11 
13 510 2 2 8 2.5 2.5 10 
27 841 2 <1 3 4.1 2.1 6.2 
1978 
Jan. 12 384 <1 1 3 1.0 1.0 2.8 
18 358 1 < 1  0 0.8 0.8 0 
Feb. 14 238 1 3 7 0.6 1.7 4.1 
28 170 <1 2 3 0.4 0.8 1.2 
March 16 815 <1 2 3 2 4 6.0 
21 5740 <1 2 5 14 28 70 
April 4 2430 1 2 4 6 12 . 24 
11 3150 2 3 5 15 23 38 
18 2850 1 2 3 7 14 21 
25 5010 3 1 2 37 12 24 
^Data from U.S. Geological Survsy, 19?8 . 
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Table A-8, (Continued) 
Date Mean daily river 
flow at Saylor-
ville, cfs* 
Pesticide concentration 
at Station 3, pptr 
Dieldrin pp•-DDE 
Dis. Sus. 
Estimated pesticide 
transport out of Say-
lorville Reservoir 
grams/day 
Dieldrin pp'-DDE 
Dis. Sus. 
1978 
May 2 2630 3 1 3 20 6 19 
9 2680 3 1 3 20 6 20 
16 2740 5 2 3 34 13 20 
24 1710 6 3 3 25 13 12 
31 1900 4 1 3 18 5 14 
June 5 2510 5 1 2 31 6 12 
13 1060 4 1 1 10 3 2.6 
20 5570 2 2 10 27 27 136 
27 3550 6 1 2 52 9 26 
July 5 2150 6 2 4 31 11 21 
11 7770 6 1 2 114 19 38 
18 3860 6 1 2 57 9 19 
25 4540 6 1 2 67 11 22 
Aug. 1 2340 5 1 2 28 6 11 
8 1030 2 ll 1 5 2.5 2.5 
15 646 4 1 3 6.3 1.6 4.7 
22 675 4 i.1 0 6.6 1.6 0 
29 1830 3 1 1 13 5 4.5 
Sept. 5 718 3 41 1 5 2 1.7 
13 270 2 2 5 1.3 1.3 3.3 
20 3880 3 <1 2 28 10 19 
26 2530 3 <1 4 19 6 25 
Oct. 3 1390^ 2 1 7 3 10 
10 864^ 3 <1 5 5.3 2.1 11 
24 851^ 2 <i 1 4.1 2.1 2.1 
^Personal communication, Mr, Robert E. Hansen, hydrologist, U.S. 
Geological Survey, Iowa City, Iowa. 
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Table A-9. Calculated amounts of dieldrin and pp'-DDE net deposited within 
Saylorville Reservoir, 1977-1978 
Date Dieldrin pp'-DDE 
grams/day grams/day 
1977 
September 6 150 23 
13 9 232 
20 49 1.1 
27 38 16 
October 4 63 51 
11 45 5 
25 30 19 
November 1 3 5 
8 46 24 
16 37 37 
22 7.7 7.7 
29 10 5.7 
December 6 9.2 2 
13 25 2 
27 11 
-1.2 
1978 
January 12 7.1 -2.8 
18 12 23 
February 14 11 23 
28 12 17 
March 16 24 9.0 
21 30 
-12 
April 4 18 3 
11 24 3 
18 205 69 
25 -14 -1 
May 2 12 29 
9 22 28 
16 10 37 
24 15 103 
31 33 60 
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Table A-9. (Continued) 
Date Dieldrin 
grams/day 
pp>-DDE 
grams/day 
1978 
June 5 35 15 
15 12 79 
20 319 1160 
27 55 9.0 
July 5 - -
11 Ill 6 
18 1 58 
25 22 21 
August 1 18 41 
8 29 16 
15 14 17 
22 - -
29 34 32 
September 5 46 19 
13 82 30 
20 57 28 
26 10 -16 
October 3 77 -10 
10 4 44 
24 5 180 
Table A-10. Levels of selected insecticides (ppb) in bottom sediment within Saylorvllle Reservoir 
at Highway^17 bridge and Polk City bridge, 1977-1978 
Date Location 
Dieldrln pp*-DDE pp<-DDD pp<-DDT Heptachlor epoxide 
Reps. Mean Reps. Mean Reps. Mean Reps. Mean Keps, Mean 
1977 
Sept. 8 
Nov. 17 
Dec. 23 
19788 
Jan. 31 
Mar. 3 
Apr. 6 
May 18 
June 1 îi 
Hwy-^17 bridge 
Hv;y^l7 bridge 
Hwy #17 bridge 
Polk City " 
Hwy #17 bridge 
Hwy pl7 bridge 
Hwy#1/ bridge 
Hwy# 17 bridge 
Polk City " 
Hwy #17 bridge 
Polk City " 
4.7 
5.3 
2.7 
2.5 
2.4 
2.0 
6.3 
6.3 
2.5 
2.0 
1.4 
1.2 
2 . 2  
2.4 
5.2 
4.7 
5.6 
5.6 
5.0 
2 . 6  
2 . 2  
6.3 
2.3 
1.3 
2.3 
5.0 
5.6 
5.8 5.6 
6.0 
0.5 
0.8 
0.6 2.6 
0.9 
1.8 0.8 
0.4 
0.6 0 
0 
0 
1.0 
1.0 1.0 
1.7 
1.7 
1.7 1.6 1.6 1.6 
0 
0 
0 
1.3 
1.1 
1.2 1.5 
0.9 
1.2 2.1 
1.0 
1.6 0 
0 
0 
2.1 
1.7 1.9 
1.5 
0.9 1.2 
0 
0 0 
0 
0 0 
3.6 
2.5 
3.0 3.3 
2.7 
3.0 3.8 
3.3 
3.6 0 
0 
0 
5.8 
5.6 
5.7 5.4 
4.9 
5.2 2.2 
2.4 
2.3 0 
0 
0 
Table A-10, (Continued) 
Dieldrin pp*-DDE pp'-DDD pp'-DDT Heptachlor epoxide 
Date Location Reps, Mean Reps, Mean Reps, Mean Reps, Mean Reps, Mean 
1978 
July 21 Hwy # 17 bridge 
Po?k City " 
7.8 
8-8 
5.0 
4.5 
8,3 
4.8 
4,2 
3,8 
6,4 
6,1 
4,0 
6,2 
5,4 
5,9 
0 
0 
5,6 
0 
7.5 
5.9 
0 
0 
6,7 
0 
0 
0 
0 
0 
0 
0 
Aug, 22 Hwy •#•17 bridge 
Polk City " 
4.5 
3.1 
1.3 
0.6 
3.8 
1.0 
0 
0 
1,1 
0,9 
0 
1.0 
0 
1.6 
2,6 
1.6 
0,8 
2,1 
0 
0 
1,0 
1,0 
0 
1,0 
0 
0 
1.2 
0,5 
0 
0,8 
Sept. 21 Hwy 4# 17 bridge 
Polk City " 
3.1 
3,4 
2.2 
1,8 
3.2 
2.0 
0,5 
0,7 
0 
0 
0,6 
0 
1.3 
1.0 
0 
0 
1,2 
0 
2.0 
0.5 
0 
0 
1,2 
0 
0 
0 
0 
0 
0 
0 
Oct. 23 Hwy# 17 bridge 
Polk City " 
4,4 
4,2 
1.4 
1.7 
4,3 
1.6 
0,9 
0,9 
1,1 
1.3 
0,9 
1.2 
2.3 
2.5 
1.7 
1.3 
2.4 
1.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Nov. 3 Hwy #17 bridge 
Polk City " 
3,7 
4.2 
1,7 
2.3 
4,0 
2,5 
0 
0 
3,0 
3,3 
0 
3,2 
2,5 
1.5 
4.4 
3.6 
2,0 
4,0 
0,7 
1,0 
0 
0,4 
0,8 
0,2 
0 
1.6 
0 
0,4 
0,8 
0,2 
140 
Table A-Il. Concentrations of oiganochlorine insecticides in whole-body 
gizzard shad collected from Des Moines River, 1977-1978 
Total length 
Date S ta- no. of (mm) Concentration (ppb) 
tion fish Mean Range Diel-
drin 
pp»-DDE ppi-DDD PP*-DDT H.E.a 
Oct.1977 1 15 
15 
153 
156 
140-166 
138-199 
180 
142 
15 
8 
0 
0 
0 
0 
9 
13 
15 156 136-182 191 13 36 0 8 
2 15 128 104-149 64 3 10 0 0 
20 132 111-163 66 11 8 0 0 
21 140 121-159 77 13 14 0 0 
Apr.1978 2 6 145 128-195 119 88 61 39 10 
July 1978 2 10 76 67-84 53 32 34 5 7 
21 99 86-110 56 16 23 3 10 
3 202 193-212 111 23 31 4 26 
3 40 83 56-101 14 16 12 3 2 
Oct.1978 1 20 161 146-182 137 36 31 4 21 
20 177 165-205 87 58 14 0 12 
2 21 137 100-159 132 17 42 0 15 
26 157 140-179 157 14 38 0 19 
16 170 140-199 140 13 33 4 16 
3 28 124 112-137 107 42 62 0 12 
25 144 130-166 122 17 39 0 16 
24 144 131-155 139 20 37 3 68 
16 166 132-189 182 12 41 3 22 
&H.E. = Heptachlor epoxide 
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Table A-12. Concentrations of crganochlorine insecticides in whole-
body river carpsucker collected from Des Moines River, 
1977-1978 
Total length 
Date S ta- No. of mm Concentration (ppb) 
tion fish Mean Range Diel- pp'-DDE pp'-DDD pp'-DDT H.E. 
Oct. 77 
Apr. 78 
Jul. 78 
Oct. 78 
drin 
1 21 109 76-131 58 25 23 5 0 
4 201 188-278 48 34 43 12 0 
4 214 150-262 48 43 41 11 0 
4 216 188-278 24 21 19 9 0 
2 2 132 131-133 48 58 36 - 0 0 
4 261 224-307 31 7 12 0 0 
1 8 98 85-110 56 12 5 6 3 
10 108 87-117 34 9 8 6 4 
10 112 85-130 39 17 14 11 3 
8 196 158-215 16 17 35 22 1 
5 277 243-302 34 23 23 19 4 
5 296 275-328 25 33 28 25 4 
2 6 309 198-367 182 17 38 11 28 
3 8 178 140-230 13 41 29 19 2 
7 302 273-335 71 114 127 88 2 
7 302 283-326 58 82 118 42 6 
1 21 120 103-163 11 3 4 3 3 
24 127 105-174 16 11 12 6 0 
8 282 250-310 114 17 35 12 13 
5 341 313-368 90 15 30 11 12 
2 10 222 177-270 156 16 29 0 23 
5 343 326-369 175 20 56 13 42 
5 344 318-360 122 20 31 16 29 
5 345 322-331 130 15 20 9 31 
3 3 146 140-152 7 17 7 3 2 
4 235 193-290 44 21 20 5 11 
1 11 171 152-192 30 5 7 6 0 
4 216 201-228 29 8 12 7 0 
3 297 287-303 20 9 13 10 0 
5 377 338-400 197 16 37 11 11 
2 8 200 176-230 46 33 23 4 3 
9 265 247-282 87 18 27 4 8 
6 309 286-322 148 18 44 5 18 
4 370 343-400 120 21 32 9 20 
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Table A-12. (Continued) 
Total length 
Date S ta- No. of mm Concentration (ppb) 
tion fish Mean Range Diel- pp'-DDE pp'-DDD pp»-DDT H.El 
drin 
Oct. 78 (continued) 
13 150 141-184 34 18 19 6 3 
10 177 161-194 27 9 16 4 3 
14 213 200-232 8 13 13 4 0 
7 276 266-295 9 15 9 5 0 
5 326 313-342 50 25 27 11 0 
Table A-13. Concentrations of organochlorine insecticides in whole-body 
carp collected from Des Moines River, 1977-1978 
Total length 
Date Sta- No. of mm Concentration (ppb) 
tion fish Mean Range Diel- pp'-DDE pp*-DDD pp'-DDT H.E. 
Oct. 78 
Apr. 78 
Jul. 78 
drin 
1 20 100 83-117 43 39 17 5 2 
20 108 86-153 49 18 18 3 2 
20 108 85-138 51 23 29 4 2 
4 331 149-402 45 55 38 8 0 
2 11 130 103-152 17 11 4 0 0 
11 135 122-152 13 7 7 0 0 
13 141 120-191 27 13 12 0 0 
1 30 97 85-110 62 36 19 7 4 
30 98 87-117 31 9 9 0 4 
31 100 85-130 52 17 13 5 3 
2 19 133 107-216 24 11 11 0 5 
37 143 105-195 36 30 25 23 11 
6 151 122-186 52 8 16 17 13 
7 152 125-187 23 19 16 10 6 
3 20 122 100-184 13 22 14 7 3 
10 136 100-189 31 12 8 0 14 
10 143 124-173 29 17 9 3 5 
1 13 143 131-157 42 6 9 0 11 
17 171 156-197 51 8 9 0 10 
7 217 198-247 51 45 25 0 8 
5 261 246-269 43 7 13 5 23 
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Table A-13. (Continued) 
Total length 
Date Sta- No. of mm Concentration (ppb) 
tion fish Mean Range Diel- pp'-DDE pp*-DDD pp'-DDT H.E. 
drin 
2 12 165 155-186 59 22 2? 0 11 
6 201 183-241 34 8 13 0 2 
3 24 160 135-195 44 32 23 2 13 
13 199 185-225 59 23 22 3 14 
10 221 197-238 39 26 17 2 7 
1 4 144 140-179 32 21 14 4 3 
7 169 147-179 1:. 11 6 0 0 
9 188 171-211 21 6 6 0 0 
11 193 179-205 22 11 10 3 4 
11 215 200-229 26 11 11 3 3 
10 252 234-272 40 25 26 5 4 
2 14 188 165-203 51 85 33 7 3 
14 188 169-208 27 26 16 4 0 
9 221 207-233 21 19 15 5 0 
2 310 309-312 19 19 13 3 0 
3 17 150 131-164 35 46 32 7 4 
15 173 160-188 23 17 21 4 2 
7 197 183-226 39 23 27 4 4 
144 
Table A-14. Concentrations of orgaaochlorine insecticides in whole-body 
channel catfish collected from Des Moines River, 1977-1978 
Total length 
Date Station ib. of (mm) . Concentration (ppb) 
fish Mean Range Dièl-
drin 
pp'^DDE pp '-DDD pp'-DDT H . i  
Oct. 77 2 4 350 310-392 69 10 10 0 0 
4 377 340-410 74 26 14 0 0 
2 454 420-487 69 8 8 0 0 
Apr. 78 2 6 265 233-300 118 34 16 3 22 
6 270 232-325 115 28 36 10 9 
5 386 355-430 240 32 67 10 25 
July 78 1 12 120 98-138 31 7 8 7 6 
16 126 108-140 49 8 10 9 8 
6 210 188-247 98 11 17 9 22 
2 3 324 285-375 180 19 46 8 40 
3 377 372-386 181 16 55 9 37 
3 432 408-457 215 39 66 13 42 
3 3 258 220-290 101 44 47 10 10 
Oct. 78 1 3 194 154-223 85 75 41 13 7 
2 376 338-413 73 68 49 19 9 
2 4 263 240-281 73 11 31 0 9 
4 387 371-398 168 17 40 4 19 
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Table A-i5. Concentrations of organochlorine insecticides in whole-body 
white crappie collected from Des Moines River, 1977-1978 
Total length 
Date Sta- No. of (mm) Concentration (ppb) 
tion fish Mean Range Diel- pp'-DDE pp'-DDD pp'-DDT H.E, 
drin 
Oct. 77 
Apr. y 8 
July 78 
Oct. 78 
2 9 92 75-111 25 8 6 0 0 
10 93 82-123 53 19 16 0 0 
9 95 84-110 15 3 3 0 0 
3 257 186-295 63 5 6 ù 0 
2 4 93 87-98 21 19 11 7 5 
3 15 98 81-114 43 34 19 7 5 
14 100 89-112 31 13 11 4 4 
15 105 83-175 35 30 22 8 6 
2 312 301-324 301 17 24 8 19 
1 10 128 108-141 56 22 20 5 8 
: 131 121-139 50 23 24 4 6 
2 3 140 137-143 69 15 21 2 11 
2 158 150-167 47 27 20 4 5 
2 242 211-272 38 25 17 4 3 
3 248 204-305 79 23 26 4 10 
3 26 125 112-132 42 17 20 3 7 
22 141 130-156 55 18 22 3 10 
4 205 195-215 24 23 16 2 4 
4 288 265-332 100 20 30 4 18 
1 16 144 132-170 29 28 24 7 1 
2 7 170 160-178 80 28 39 4 6 
3 13 94 82-99 64 20 31 3 4 
21 168 137-189 63 29 40 3 6 
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Table A-16. Concentrations of organochlorine insecticides in whole-body 
large mouth bass collected from Des Moines River, 1977-1978 
Total length 
Date S ta- No. of (mm) Concentration (ppb) 
tion fish Mean Range Diel- pp'-DDE pp'-DDD pp'-DDT H.E. 
drin 
Oct. 77 195 195 50 40 33 11 
Apr. 78 
July 78 
Oct. 78 
2 18 157 95-223 15 3 4 0 0 
11 239 221-257 46 9 6 0 0 
17 241 222-260 50 13 7 0 0 
2 5 106 96-119 22 14 9 9 6 
1 262 262 124 33 35 12 18 
1 3 245 230-254 31 30 20 7 6 
3 268 260-283 32 26 15 5 6 
2 282 249-315 66 60 23 7 12 
2 10 145 123-166 22 28 21 6 4 
4 226 214-251 36 32 15 3 8 
4 284 270-301 57 53 34 6 9 
4 300 270-387 43 39 28 4 10 
4 303 270-320 90 39 30 4 9 
3 4 ^69 246-310 49 37 30 5 9 
1 2 142 120-159 63 75 27 7 2 
2 198 180-219 22 34 18 8 0 
6 246 232-265 49 39 25 9 2 
4 322 303-332 91 29 41 5 10 
4 341 325-348 182 40 47 7 23 
2 3 174 166-179 21 17 11 3 11 
12 210 200-225 45 52 32 6 1 
4 262 250-281 69 53 23 4 6 
4 295 274-310 125 34 41 4 10 
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Table A-17. Concentrations of organochlorine insecticides in whole-body 
walleye collected from Des Moines River, 1977-1978 
Total length 
Date S ta- No. of (mm) Concentration (ppb) 
tion fish Mean Range Diel- ppIDDE pp'-DDD pp*-DDT H.2. 
drin 
Oct. 77 1 
2 3 
2 
159 144-180 
236 
250 
160-284 
200-300 
11 
34 
7 
53 
6 
3 
31 
4 
4 
16 
0 
0 
0 
0 
Apr. 78 2 3 268 245-282 42 12 11 7 5 
Jul. 78 1 7 190 175-212 44 51 28 17 3 
7 195 180-225 12 36 20 14 1 
5 318 255-430 37 72 40 26 5 
2 2 350 350-351 62 29 21 5 6 
3 3 234 202-2S6 33 60 24 3 2 
Oct. 78 1 2 205 180-219 17 73 29 18 0 
2 260 240-279 14 72 28 19 0 
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Table A-18. Percentage fat content and insecticide levels (ppb) in 
seven species of fish collected in July and October, 1978 
Fish species No. of 
fish 
7» fat Dieldrin 2DDT Heptachlor epoxide 
Gizzard shad 3 12.6 111 58 26 
21 8.6 56 42 1 /> 
40 5.8 14 31 2 
20 27.4 87 72 12 
20 30.6 137 71 21 
River carpsucker 4 6.5 44 46 11 
3 3.1 7 27 2 
5 12.3 197 64 11 
11 7.3 30 18 0 
5 2.2 50 63 0 
7 1.4 9 29 0 
14 3.7 8 30 0 
13 3.7 34 43 3 
10 8.1 27 29 3 
Carp 10 5.7 39 45 7 
13 6.0 59 48 14 
24 4.5 44 57 13 
9 4.3 21 12 0 
7 2.2 14 17 0 
4 4.0 32 39 3 
17 3.9 35 85 4 
7 5.8 39 54 4 
Channel catfish 3 8.5 101 101 10 
White crappie 10 2.7 56 47 8 
3 2.7 50 51 6 
3 3.1 79 53 10 
3 3.4 69 38 11 
2 2.9 47 51 5 
2 1.8 38 46 3 
4 3.6 100 54 18 
4 1.8 24 41 4 
22 2.9 55 43 10 
26 2.0 42 40 7 
Largemouth bass 3 2.9 32 46 6 
3 2.7 31 57 6 
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Table A-18. (Continued) 
Fish species No. of % fat Dieldrin 2DDT Heptachlor epoxide 
fish 
Largemouth bass 
Walleye 
2 4.0 66 90 12 
4 6.5 90 73 9 
4 3.6 57 93 9 
4 3.8 43 71 10 
10 2.7 22 57 4 
4 5.2 49 72 9 
4 7.9 182 94 23 
4 5.3 91 75 10 
6 1.8 49 73 2 
2 2.2 22 60 0 
2 3.1 63 109 2 
7 3.3 44 96 3 
7 0.9 12 70 1 
5 2.4 37 138 5 
3 1.5 33 92 2 
2 2.0 17 120 0 
2 2.0 14 119 0 
150 
Table A-IS, Concentrations of organochlorine insecticides in muscle 
tissue of carp collected from Des Moines River, 1977-1978 
Total length 
Date S ta-, .No. of mm Concentration (ppb) 
tion fish Mean Range Diel- pp'-DDE pp'-DDD pp'-DDT H.E. 
drin 
Oct. 77 1 4 416 382-409 23 26 15 13 1 
4 488 458-516 15 97 41 34 2 
4 507 404-536 33 154 56 46 3 
2 4 81 21 35 3 20 
3 47 34 25 11 6 
1 3 406 390-432 20 16 8 0 4 
4 430 390-510 10 50 8 0 0 
4 453 365-587 11 112 9 0 5 
2 6 477 450-535 63 18 11 0 9 
5 509 428-580 113 36 11 0 16 
5 532 455-597 118 26 21 0 11 
Jul. 78 1 5 261 246-269 21 5 6 9 9 
3 48 30 31 24 
3 462 385-512 32 17 12 9 7 
2 1 538 123 20 33 5 24 
3 6 332 304-360 13 17 8 3 4 
4 410 380-^27 16 83 29 4 4 
5 460 398-558 75 46 29 12 15 
1 5 432 326-540 6 19 6 4 0 
4 440 398-464 8 9 6 5 0 
4 486 426-595 15 22 7 5 2 
2 9 221 207-233 5 6 3 0 10 
2 310 309-312 4 4 0 0 3 
3 567 525-608 55 11 15 0 10 
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Table A-20. Concentrations of organochlorine insecticides in muscle 
tissue of channel catfish collected from Des Moines River, 
1977-1978 
Total length 
Date S ta- No. of mm Concentration (ppb) 
tion fish Mean Range Diel-
drin 
pp'-DDE pp«-DDD pp«-DDT H.E, 
Oct, 77 1 1 240 240 25 25 17 17 4 
2 3 97 10 13 0 11 
3 424 310-487 106 44 29 16 9 
3 57 11 12 4 7 
Apr. 78 1 3 192 155-242 21 11 6 0 7 
2 5 357 335-384 95 12 10 0 12 
5 368 350-380 131 12 11 0 15 
5 373 353-390 115 11 8 0 12 
Jul. 78 1 6 210 188-247 49 8 9 15 10 
8 241 220-256 47 6 7 8 10 
5 278 248-310 51 8 9 8 14 
2 3 324 285-375 78 10 14 3 15 
3 377 372-386 84 11 13 4 15 
3 432 408-457 113 9 7 0 14 
Oct. 78 1 f. 358 154-455 52 20 21 7 6 
2 4 263 240-281 33 10 14 0 6 
4 387 371-398 43 6 10 0 10 
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Table A-21. Concentrations of organochlorine insecticides in muscle 
tissue of white crappie collected from Des Moines River, 
1977-1978 
Total length 
Date Sta- No. of ^ Concentration (ppb) 
tion fish Mean Range Diel-
drin 
pp«-DDE pp'-DDD pp »-DDT H.: 
Oct. IS?'; 1 1 213 213 13 16 11 14 0 
2 3 257 166-295 14 4 2 0 2 
Jul. 1978 2 3 248 204-305 10 3 3 0 3 
Table A-22. Concentrations of organochlorine insecticides in muscle tissue 
of largemouth bass collected from Des Moines River, 1977-1978 
Date Sta­
tion 
No. of 
fish 
Total length 
mm Concentration (ppb) 
Mean Range Diel-
drin 
pp'-DDE pp'-DDD pp »-DDT H.E. 
Oct. 77 2 18 151 95-223 15 8 5 0 2 
19 239 221-257 14 4 3 0 2 
18 241 227-260 19 14 11 0 2 
Apr. 78 2 6 132 96-262 33 5 0 0 0 
Jul. 78 1 3 24-5 230-254 11 5 4 0 2 
3 268 260-283 10 6 4 0 2 
2 282 249-315 10 5 0 0 2 
2 4 284 270-301 34 12 12 3 3 
4 300 270-387 24 12 11 5 8 
4 303 270-320 11 5 3 0 2 
Oct. 78 1 5 314 301-334 6 6 5 5 17 
4 322 303-332 7 4 3 D 0 
4 341 325-348 8 3 0 0 0 
2 5 327 310-352 5 2 0 0 6 
5 338 310-355 6 5 3 0 9 
5 342 303-357 6 6 4 0 10 
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Table A-23. Concentrations of organochlorine insecticides in muscle tissue 
of walleye collected from Des Moines River, 1977-1978 
Date Sta­
tion 
Nc. of 
fish 
Total length 
mm Concentration (ppb) 
Mean Range Diel-
drin 
pp'-DDE pp'-DDD pp'-DDT H;E, 
Oct. 77 1 3 424 278-511 26 17 15 15 3 
2 2 230 160-300 10 6 0 0 5 
3 249 199-284 7 5 5 0 2 
Apr. 78 1 2 305 300-310 14 9 0 0 8 
Jul. 78 1 7 190 175-212 18 12 14 14 11 
7 195 180-225 17 12 8 0 2 
5 318 253-430 14 12 7 0 2 
Oct. 78 1 7 224 210-230 5 17 8 8 0 
2 4 372 340-435 11 4 2 0 6 
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Table A-24. Concentration (ppb) of organochlorine insecticides in whole-
body (WB) and muscle tissue (MT) of fish collected from Des 
Moines River 
Species Dieldrin ZDDT Heptachlor epoxide 
WB Mr WE MT WB MT 
Carp 43 21 25 20 23 9 
21 5 39 9 0 10 
19 4 35 4 0 3 
Channel catfish 98 49 37 32 22 10 
180 78 73 27 40 15 
181 84 80 28 37 15 
215 113 118 16 42 14 
73 33 42 24 9 6 
168 43 61 16 19 10 
White crappie 79 10 53 6 10 3 
Largemouth bass 31 11 57 9 6 2 
32 10 46 10 6 2 
66 10 30 5 12 2 
57 34 93 27 9 3 
43 24 71 28 10 8 
90 11 73 8 9 2 
91 7 75 7 10 0 
182 8 94 3 23 0 
Walleye 44 18 96 40 3 11 
12 17 70 20 1 2 
37 14 138 19 5 2 
56 22 228 30 20 1 
74 17 216 36 32 1 
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Table A-25. Monthly mean elevation (meters above sea level) and storage 
volume of Saylorville Reservoir, September, 1977 to 
September, 1978* 
Month Elevation 
(meters) 
Volume^ 
(cubic kilometers) 
1977 
September 253.9 0.091 
October 253.9 0.091 
November 253.9 0.089 
December 253.9 0.090 
1978 
January 253.9 0.089 
February 253.9 0.088 
March 253.9 0.089 
April 254.0 0.093 
May 253.9 0.090 
June 253.9 0.093 
July 254.2 0.097 
August 253.9 0.091 
September 254.2 0.098 
a 
Personal communication, Mr, Robert E. Hansen, hydrologist, U.S. 
Geological Survey, Iowa City, Iowa. 
Conservation pool is 0.090 Km ; flood storage capacity is 0.734 Km"*. 
